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The problems surrounding the remote manipulation of objects 
under the control of a computer have long been a topic of 
discussion between and among mechanical and electronic 
engineers and scientists. This article takes a brief look at the four 
fundamental systems that have been evolved and suggests an 

approach for hobbyists interested in robotics. Roger Harrison 


MANIPULATING OBJECTS by means of a 
robotic arm requires a 'marriage’ between 
mechanical engineering and electrical 
engineering if one is to arrive at an effective 
system. Four basic coordinate systems for 
moving an 'arm’ have been evolved. Each has 
its merits and disadvantages. The four 
systems are: 

1. The cartesian coordinate system. 

2. The cylindrical coordinate system. 

3. The polar coordinate system. 

4. The revolute coordinate system. 

The number of fundamental motions that 
a robotic arm can perform is determined by 
the number of axes employed in the system. 
The number of axes are often referred to as 
the 'degrees of freedom’. Thus, a robotic 
arm that can move on four axes is said to 
have 'four degrees of freedom’. The number 
of axes, and thus the degrees of freedom, 
endemic to a particular arm are important 
when considering the tasks it may have to 
perform. Another important consideration is 
the 'work envelope’. If you put a paint brush 
on the end of a robotic arm and then had the 
arm describe its complete area of movement 
(with the arm fully extended), the brush 
would paint’ a surface in the air — that 
surface would be its work envelope. 

The four basic systems illustrated have 
only three degrees of movement but vastly 
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different capabilities. 

The cartesian coordinate system is illust¬ 
rated in Figure 1. Here, a pillar can move 
back and forth along a base. The arm is 
mounted on the pillar and can move up and 
down it (elevation). The arm is in two pieces, 
one piece being capable of extension and 
retraction. 

As all movements are linear, the cartesian 
system has a work envelope shaped like 
a cube. 

By fixing the pillar of the cartesian system 
and making it rotate, we make the cylindrical 
coordinate system, so called because it has 
a cylindrical work envelope. Two linear 
movements are left and an angular movement 
added. Somewhat more complex movement 
is possible with this system, over and above 
the cartesian system. 

By pivoting the arm around a rotating 
pillar, one produces the polar coordinate 
system. This has a work envelope shaped 
like a half-sphere and the complexity 
of motion is another step better than the 
previous system. 

The revolute system, Figure 4, emulates 
the human arm. It is pivoted in two places 
and can rotate on its base. All movements 
are angular and, for a three degrees of move¬ 
ment system, it is capable of very complex 
motion. The work envelope approximates a 


major portion of a sphere as the arm can be 
made to reach below the plane of the base. 

A really complex system having ten 
degrees of freedom is illustrated in Figure 5. 
This is a combination of the cylindrical, polar 
and revolute systems mounted on a mobile 
platform. 

Gripping 

An arm is useless without some mechanism 
to grip the 'work objects’. For hobbyists, a 
simple jaw grip system is probably the easiest 
to implement. Hinged tongs with a spring 
system to hold them open and a solenoid 
or motor to pull them shut are simply 
constructed and controlled. The general 
principle is shown in Figure 6. 






















>rive systems 

idustrial robots require physical strength 
nd thus use large, multiple-horsepower 
lectric motors and/or pneumatic or hydraulic 
rives. Even in relatively small industrial 
obot arms, hydraulic systems have many 
dvantages. At present, such systems have 
istinct disadvantages for the hobbyist, not 
be least of which is cost. 

Small electric motors are the most cost- 
ffective drives for small arms and electric/ 
lectronic control is readily implemented 
nd interfaced to a computer system. 

■rasp the nettle 

Personal robotics’ is following in the footsteps 
f personal computing. In fact, they’re related 
i many ways — via the microprocessor. 

In early-1982 we published the construction 
etails for an Australian-designed and 
lanufactured 'turtle-style’ robot — the 


Tasman Turtle, that was controlled by a 
microcomputer system via an interface. It 
created a great deal of interest. Since then 
we have searched for other robotics projects 
of wide appeal and within the means of 
enthusiastic constructors. 

Late in 1982 we found a British firm who 
had designed and was manufacturing a 
reasonably-priced robotic arm kit employing 
the revolute coordinate system, called 'The 
Micro-Grasp’. The firm was Powertran. 
Local kit and component supplier, Jaycar, 
sought and obtained the agency for Powertran 
kits — which have a much-envied reputation 
for quality in Britain — and we sought the 
rights to publish the project here. 

The Micro-Grasp is an articulated arm 
jointed at shoulder, elbow and wrist positions. 
The entire arm rotates about the base and 
there is a motor driven gripper. Each of the 
arm movements is servo-controlled i.e: there 
are position sensors feeding back inform¬ 




This’ll grab you! The Micro-grasp, a computer 
controlled robot arm project, described in the next 
article, features four degrees of freedom, a motorised 
gripper, and simple interfacing. 


ation to the interface board where it is 
compared with the programmed intended 
position and automatically takes corrective 
action. 

This servo action is independent of the 
computer, greatly simplifying the software 
to drive the robot and all programming is 
carried out with a small number of BASIC 
commands. 

The interface board is memory mapped 
using only 64 bytes at any of 1024 switch 
selectable locations. The control signals 
required are the address buss, data buss, 
write and memory request or alternatively 
I/O request if it is preferred to operate the 
robot as an I/O device. 

The edge connector format could be 
arbitary as the board is suitable for almost 
any computer. 

The newly-formed Cybernetics division of 
Jaycar will be importing and marketing the 
Powertran Micro-Grasp in Australia. • 
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This will grab you — 
the Micro-Grasp robot arm 


Having obtained a computer and learned how to ‘drive’ it, the next 
step for a thinking computerist is robotics. No matter if computing 
is just a hobby or if it’s your workaday job, robotics is an important 
step forward. Here is a low cost, down to earth way of learning 
what robotics is about — build this robot arm. 


Richard Becker 

Powertran, Andover, Hants, UK. 


THE MICRO-GRASP was designed as a low 
cost 'introduction to robotics’ machine, priced 
as low as possible yet including everything 
to have it running immediately assembly is 
completed — i.e: inclusive of power supply 
and interface — no 'hidden extras’. Despite 
this major restriction, the Micro-Grasp has 
some powerful features. 

It can be driven from any computer, even 
the humble ZX81, that has an expansion con¬ 
nector giving access to the data and address 
buss lines, plus the memory write and 
memory request lines. 

The Micro-Grasp is an articulated arm 
jointed at shoulder, elbow and wrist positions. 
The entire arm rotates about the base 
and there is a motor-driven gripper. Each 
of the arm movements is servo controlled 
i.e: there are position sensors feeding back 
information to the interface board where the 
current position of an axis is compared with 
the programmed-in intended position and 
the servo circuit automatically takes cor¬ 
rective action. 

This servo action is independent of the 
computer, greatly simplifying the software 
to drive the robot. All programming is 
carried out with a small number of BASIC 
commands. 



various components. 
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showing the 



Mechanical design 

Each of the four axes plus the gripper is 
driven by a small dc motor with integral 
gearbox. For the wrist and gripper motors, 
small in-line gearboxes are used. The three 
remaining axes use more powerful gearboxes 
housed in heavy duty zinc alloy castings. The 
shoulder and elbow joints are driven directly 
from their motor's gearboxes with both axes 
mounted on the upper’ arm section. On the 
'forearm’ and shoulder support bracket are 


steel bushes clamping the gearbox shaft so 
that when the motors are driven, there is 
relative movement between the upper arm 
and forearm and the support bracket. The 
gripper is driven by a leadscrew which either 
pulls the jaws shut or pushes them open. 

Position sensing potentiometers for the 


and gripper. 




















: igure 2. View of the elbow, showing how the motor 
Irives the forearm assembly, plus the coupling to the 
losition pot. 




shoulder and elbow axes are also mounted on 
she upper arm. The joints rotate about plastic 
searings mounted on the bushes of these 
sots. The shaft of each pot is held in a steel 
sush fitted to the forearm or support bracket. 

The rotation axis has a more complex 
arrangement as it was not possible to arrange 
she gearbox shaft, the potentiometer and 
shoulder support bracket all in line. Drive is 
saken from the gearbox via a pair of spur 
rears. These have a 2:1 reduction ratio, 
"esulting in a doubling of torque for the 
rotation axis. For this axis, the gearbox shaft 
is taken out from the motor side of the 
gearbox, rather than opposite as is the case 
vith the shoulder and elbow gearboxes. 

This arrangement is not perfect and some 
ssacklash is evident in the gears, but some 
sompromise has to be accepted in order to 
teep costs down. 



For raising and lowering the wrist, the 
gearbox shaft rotates a bar to which the 
position pot. and gripper assembly mounting 
plate are fitted. The drive shaft for the 
gripper leadscrew passes through this bar. 
When the leadscrew turns clockwise, the disc 
nut is moved toward the motor, pulling the 
jaws closed. When the leadscrew turns anti¬ 
clockwise, the disc nut moves away from the 
motor and the jaws are pulled apart. 

The forearm and upper arm each have 
counterbalance weights fitted so that no 
voltage needs to be applied to the motors to 
hold the arm in a desired position, improving 
accuracy of the servo action. Without this 
balancing, an error signal would always be 
required for the arm to be motionless and a 
considerable torque would also have to be 
provided by the gearboxes, unduly straining 



FEATURES ETI-648 MICROGRASP 


• Employs ‘revolute coordinate’ system with four degrees of freedom 
(four axes of movement). 

1. rotation about base 

2. shoulder bend 

3. elbow bend 

4. wrist bend 

• Gripper mechanism on wrist. 

• Each movement axis servo controlled (independant of programming). 

• Universal' interface board permits interfacing the arm to virtually 
any computer. 

• Interface acts as a memory-mapped peripheral, simplifying software 
for commanding the arm. 

• Interface board is isolated from the mains. 

• Straightforward mechanical assembly, requires no special tools or 
mechanical skills to set it up. 




























































HOW IT WORKS — INTERFACE - BOARD — ETI- 


The interface board contains both servo 
control and motor drive circuitry for the arm’s 
motors, plus interface logic so that this can 
be ‘commanded’ from a computer. The whole 
interface board is designed to operate as a 
memory-mapped peripheral of the controlling 
computer. The on-board servo circuitry 
greatly simplifies the work of the computer, 
avoiding the requirement for extensive soft¬ 
ware specific to each type of computer that 
may be employed. 

Some computers have input/output (I/O) 
ports by which data could be sent to the robot. 
However, the majority of personal computers 
available have an expansion' connector or 
buss giving access to all the address, data and 
internal control lines. The signals required to 
operate this robot are: 

• Address buss lines AO — A15 

• Data buss lines DO — D7 

• Read/Write line 

• Memory Request line 

Although the interface connector choice 
could have been arbitrary, a keyed 23-way 
double-sided edge connector was chosen as 
they are common and because it fits the 
low-cost ZX81 computer expansion connector. 
DIGITAL INTERFACING 
This circuitry involves the 10-bank DIL switch, 
IC2, IC3, IC4, ICs 5A-D and IC9. 

By setting the 10-bank DIL switch, any one 
of 1024 blocks of 64 bytes of the memory area 
can be selected. Actually, only six bytes are 
required, but to narrow down the memory area 
used would call for extra circuitry and, as 
memory is cheap, such extra complexity is 
pointless. 

IC2 is a ten-bit comparator. Data on the ten 
most significant address lines (A6 — A15 
inclusive) is compared with data set up by the 
10-bank DIL switch. A closed switch puts a low 
(0 V) on the appropriate input of IC2, an open 
switch permits the appropriate input to be 
pulled high via a 4k7 resistor (resistors R1 
to RIO). When the data on the A6-A15 address 
lines matches the data set up on the DIL 
switches (i.e: when the computer selects an 
address within the 64 byte block) pin 13 of IC2 
goes high. 

The three least significant address lines 
from the computer drive the three primary 
inputs of IC3, a three-into-eight line decoder 
(sometimes also called a 1-of-8 decoder as 
only one out of the eight outputs is active at 
any one time). An output of the decoder can 
only be enabled (or activated) when the RW 
(write) and MREQ (memory request) lines are 
low and pin 6 is high. Now pin 6 is driven by the 
output of IC2 (pin 13). Thus, when a match 
occurs between the DIL switch data and the 
10 most significant address lines, and RW and 
MREQ are low, an output of IC4 will be 
activated, which one depending on the data on 
the three least significant address lines. 

The first four outputs (pins 15, 14, 13,12 in 
that order) drive the four axis servo circuits A, 
B, C, D. If AO, A1 and A2 are all low, servo 
circuit A will be selected (rotation motor). If AO 
is high and A1 and A2 low, servo circuit B will 
be selected (shoulder motor), and so on. 

Thus, the computer addresses a chosen 
axis as if it were a memory location into which 
data is to be written. For example, if the top of 
the computer s address space is to be used, all 
the switches in the DIL switch bank would be 
set open, allocating addresses 65472-65535 to 
the robot. To move the rotation axis, (servo 
circuit A, remember) to the centre position 
the command would be POKE 65472,128 (128 


being the centre of the range of positions, 
defined as 0 to 255. Each axis has 256 separate 
positions within its range of movement as you 
only have an 8-bit data buss). 

Because of the redundancy in address 
selection 65480, 65488, 65504, 65512, 65520 
and 65528 would be equally effective 
addresses. 

The gripper is driven by a motor turning a 
leadscrew which either pulls the jaws shut or 
pushes them open. Jaw closure is initiated by 
IC9a, jaw opening by IC9b. IC9 is a dual mono¬ 
stable flip-flop. Each flip-flop operates for 
about two seconds, determined by R25/C14 
and R28/C15. IC9a is enabled by the pin 10 
output of the decoder, IC3, being activated. 
IC9b is activated by the pin 9 output. 

As the outputs of IC3 are normally high, 
going low when activated, an inverter is 
necessary to drive the servo circuit inputs 
which require a high to be enabled. This is 
provided by IC4. 

ANALOGUE CIRCUITRY 
Servo circuits A to D are all identical, hence 
only servo circuit A is shown. Using the 
example given under Digital Interfacing', 
when the command POKE 65472,128 is 
received, pin 15 of the decoder (IC3) will go low 
and pin 2 of IC4a will go high, driving pin 11 of 
IC5A high. Now, IC5A is a 74LS373 8-bit latch. 
The data on the computer’s data buss (128) 
appears on its inputs (pins 3, 4, 7, 8, 13, 14, 
17,18). When pin 11 (‘latch enable ) goes high, 
the data on the data buss lines is transferred to 
the outputs (pins 2,5,6,9,12,15,16,19) which 
latch’, holding the data there until the next 
time pin 11 is toggled high when another data 
value can be provided. 

The outputs of IC5A drive the inputs of a 
digital-to-analogue (D-to-A) converter, IC6A (a 
DAC0808). The data written to IC5A is converted 
to a current output, from pin 4, the value of 
which is directly proportional to the value of 
the data. If 128 is the data value, the DAC0808 
output will be halfway between 0 and its 
maximum value. 

Pin 4 of IC6A drives the inverting input of 
IC7Aa, half of a 1458 dual op-amp. This 
converts the D-to-A converter’s output into a 
voltage with a transfer ratio of 1 V/mA. The 
output of IC7Aa (pin 1) provides the ‘desired 
position voltage’ (DPV) to the motor drive 
circuitry. 

A dual power amplifier, IC8A, arranged in a 
bridge configuration, drives the rotation 
motor. The position of the rotation axis shaft is 
sensed by a pot., RV101A, coupled to the 
shaft. A reference voltage of about 2 V is 
supplied to the pot. from Vp’, derived from a 
voltage divider off the regulated +5 V rail (R11 
and R12). When the rotation axis shaft is at its 
zero' position, the pot. wiper is near the 0 V 
end of the track. At the shaft mid-way position, 
about 1 V appears on the pot. wiper. 

This measured position voltage’ (MPV) is 
applied to one input of the motor drive bridge 
amp, IC8A, via a buffer, IC7Ab. RV2A permits 
varying the range of movement by restricting 
the range of the MPV variation. 

IC8A compares the programmed-in desired 
position voltage (DPV) with the measured 
position voltage (MPV) and drives the motor 
backwards or forwards by applying a voltage 
that depends on how far away from the desired 
position the axis happens to be. 

The DPV is applied directly to pin 8 of IC8A. 
Feedback via R22A makes the non-inverting 
input of this amp (pin 7) a virtual earth point 
elevated above 0 V by the voltage on pin 8 (the 
rion-inverting input). The MPV forces a current 


into pin 7 via R21, resulting in a voltage at 
pin 10 which is equal to 

R22A (DPV — MPV)/R21 A 
Similarly, the MPV drives the non-inverting 
input (pin 4) of the ‘opposite’ power amp and 
the DPV forces a current into the inverting 
input (pin 5), resulting in an output at pin 2 
which is equal to 

R20A(MPV — DPV)/R19A, 
which is in the opposite direction to the 
voltage out of pin 10. These voltages will be 
equal as R20A=R22A and R19A=R21A. The 
voltage applied to the motor will be twice 
R22A(DPV — MPV)/R21 A. 

The motor will move the shaft until the MPV 
equals the DPV. The components selected 
result in a servo action which is close to 
critically damped. 

An offset voltage is applied to pin 3 of IC7Aa, 
from RV1A, to compensate for the residual 
voltage from RV101A when the axis is at its 
zero position. 

The RC networks on the outputs of IC8A a and 
b are the Zobel’ networks almost universally 
used to stop power amplifiers from oscillating 
in the MHz region. 

Capacitors C12A and C13A are for local 
decoupling and C105A, C106A are suppression 
capacitors fitted as close as possible to the 
motor. Without these the interference from the 
motor brushes is sufficient to make the com¬ 
puter abort its program. 

Only four of the five axes are servo con¬ 
trolled as the gripper needs only to be either 
holding or releasing. 

As explained under Digital Interfacing’, the 
gripper motor is activated by triggering IC9a to 
close the jaws, IC9b to open them. 

As with the axis drive circuits, a 2877 dual 
power amp (IC10) is used in a bridge con¬ 
figuration to drive the gripper motor. When 
IC9a is triggered, its Q output (pin 13) goes 
high for about two seconds. About 0.5 V 
appears across R27, owing to the voltage 
division provided by R26-R27. This will cause 
the output of ICIOb (pin 10) to swing toward 
the +9 V rail and the output of 1C 10a to swing 
toward the -9 V rail. The motor will then drive 
the gripper jaws shut. 

When an object is siezed, the motor will stall 
but the amplifier is fully protected and, as the 
stall period is less than two seconds, no motor 
overheating occurs. 

On triggering IC9b, the motor is driven in the 
opposite direction until it stalls with the jaws in 
the fully open position. 

Gripper operating commands could be 
POKE 65477,0 to hold and POKE 65478,0 to 
release, though this data as indicated by 0 is 
quite irrelevant and anything between 0 and 
255 could be written. 

If the address allocated to axis 0 (servo 
circuit A) is A then axis 1 is A + 1, axis 2 is A + 
2, axis 3 is A + 3, grip is A + 5 and release is A 
+ 6. 

The rotation shoulder and elbow motors 
take up to about 1 A each and the other two 
motors up to about 0.5 A each. 

The reference voltage for the DAC and the 
position sensing potentiometers comes from 
IC1 (a 7805) which provides excellent stability. 
The amplifiers’ requirements however are 
non-critical and an unstabilised supply is 
entirely adequate. The power supply circuit 
provides ± approximately 9 V. The supply 
is sited in the robot base where, as well as 
providing useful ballast at the rear of the base 
the mains connections are fully enclosed. The 
interface board is therefore free of mains and 
is safely operated whilst unenclosed and 
closely connected to the computer. 













Electronic design 

)espite the size of the interface board, the 
ilectronics is relatively simple. Four identical 
ervo circuits are employed to drive the four 
ixes motors. The gripper motor is driven 
rom a slightly different circuit. Servo circuit 
1 controls the rotation axis, servo circuit B 
ontrols the shoulder axis, C controls the 
(bow axis and D controls the wrist axis. 

A 10-bank DIL switch sets the base 
iddress of the arm. The ten most significant 
•its of the computer’s address lines (A6 — 
115) are compared to the address set on the 
)IL switch. When these match, a three-to- 


eight line decoder is enabled, providing the 
memory write and memory request lines are 
low at the same time (they are active low). 

The three least significant bits of the 
computer's address buss (AO, A1 and A2) are 
then used to select which axis is to be moved. 
Data is written to the appropriate address 
and the value on the data buss is then 
converted to an analogue voltage to drive the 
selected axis’ motor. The servo circuitry then 
sets the position of that axis. As the address 
buss is eight bits wide, each axis can be 
positioned at any of 256 locations. 

For example, as the wrist can move through 
an angle of 180 it can theoretically be 


positioned anywhere in its semi-circle of 
movement to an accuracy of 180/256, or 
about 0.7 . Mechanical tolerances will 
decrease this. 

The elbow and shoulder axes have greater 
range of movement and could theoretically 
be positioned to an accuracy of about T , but 
again, mechanical tolerances will decrease 
this. 

The gripper only has two positions — open 
and shut! The electronics is only toggled one 
way or the other to set the jaws as required. 

Complete details of the circuit operation 
are given in the How It Works' panel 
accompanying the circuit diagram. 
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MECHANICAL ASSEMBLY 


While the mechanical assembly of this robot 
ami is relatively straightforward, constructors 
should be aware that a certain amount of 
mechanical skill Is required. If you are not 
confident of your mechanical abilities, get 
someone else to tackle the assembly. 

First thing to do is iay out all the parts and 
identify which part of the assembly they 
belong to. Take a careful look at the pieces of 
stamped and bent aluminium which make 


up the arm pieces and familiarise yourself 
with how the other parts fit to them. 

Base 

The base assembly consists of six stamped 
pieces of metal which fit together to make a 
box. These are held together with special 
Philips head screws which roll their own 
thread. A good assembly starting point is 
the base plate of the base on which is fitted 


the power supply and the rotation axis position 
sensing pot. (RV101A). The accompanying 
assembly diagram (Figure 6) shows the general 
construction. Bolt on the potentiometer and 
bridge rectifier first. Make sure you identify 
the rectifier terminals correctly and orient it 
accordingly (see the bridge rectifier pinout 
diagram). You can mark the base plate with 
something like 'Whiteout’ or 'Liquid Paper’ 
to help you. 


-FIXING PARTS FOR MICRO-GRASP- 


Transformer 


motor 
Drive Shaft 


Axis 1,2 
Counter balance 
Motor Bushes 


M4 16 mm PH 

M4 serrated washer 
M3 10 mm PH Taptite 
M3 plain washers 
M4 8 mm PH 
M4nut 

M4 serrated washer 
solder tag 
M3 16 mm PH 
M3 nut 


M3 nut 

M3 plain Washer 
M3 serrated washer 
M4 6 mm PH 


M4 plain washer 
M3 6 mm PH 
M6 nut 

M6 serrated washer 
M410 mm CSK 
M5 plain washer 
M4 10 mm CSK 

M4 6 mm socket grub screws 
Va' UNF half nut 
M12 serrated washers 
M8 nylon washer 
M5 nylok nut 
M5 plain washer 
1312 m 


M3 nut 

M3 plain washer 
M3 serrated washer 


M3 6 


n PH 


13 serrated washer 
M3 nylon washer 
M3 25 mm tapped spacer 
M38 mm PH 
M3 serrated washer 
M3 plain washer 


M3 61 


n PH 


M3 16 mm PH nylon 
M3 nut 

M3 nylon washer 
M4 50 mm PH 
M4 nylok nut 
M4 6 mm spacer 



X + 'Vi 



'Ll 


Top view of the bridge 
rectifier showing pin 
connections. 


-PARTS LIST — ETI-648- 

ARM ASSEMBLY 

Resistors 

RV101A-D . Ik linear pots 

Capacitors 
Cl 01, 102,105A-D, 

106A-D, 107,108 .. 47n ceramic (12 off) 

C103, 104 .4700u/ 1 6 V axial electros 

(2 off) 

Semiconductors 

RECT. 1 . 6 A bridge rectifier 

Miscellaneous 

T1 .2x 120Vpri./2x6Vsec. 

Motors, mechanical parts, fixings, etc. 
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-NOTES FOR CONSTRUCTORS- 

To put this project together you'll need a heavy duty soldering iron, apart from an ordinary 
iron for electronic work, a medium-sized Philips head screwdriver, a small shifting spanner 
or set of small spanners, and perhaps a small hole reamer or fine rat-tail file — apart from 
your usual tools. 


Bolt the transformer on next and then 
solder the two electrolytic capacitors in 
place, making sure you get them the right 
way round. Then solder C101 and C102 in 
place directly on the terminals of the 6 V 
secondaries. Bridge the two inner terminals 
of the 6 V secondaries. Also bridge the inner 
two terminals of the 120 V sections of the 
primaries. 

Then wire the bridge rectifier to the trans¬ 
former secondary and the earth tag to the 
connection bridging the two inner terminals 
of the secondaries (i.e: the centre tap). 

Now assemble the end plate of the base 
(Figure 7). Bojt on the two terminal blocks 
and the solder tag. Attach the mains cord 
with a clamp grommet but make sure you 
leave about 15-200 mm of lead length so that 
it can be wired in easily. 

Mark terminals 1, 9,10 and 18 on the end 
plate using Whiteout or Liquid Paper so that 
you can readily identify the terminals. Then 
wire RV101A and the rectifier to the 
appropriate terminals, as per Table 1. 

Now you can wire up the mains lead. Make 
sure the earth wire is’the longest so that it’s 
the last to break in the event of an accident. 
Don’t attach a plug to the end of the mains 
cord yet, for safety’s sake. 

The power supply and rotation potent¬ 
iometer can now be wired to the terminal 
block. Make up two looms as shown in the 
'wiring looms’ diagram, then wire them in 
place as per table 1 and Figure 6. When 
making up the looms, use a ruler to get exact 
wire lengths as only just enough wire is 
supplied. 

Tackle the rotation drive assembly next. 
First take one of the motor-and-gearbox 
assemblies. What you have to do is turn the 
shaft over so that it comes out on the same 
side as the motor. 

The gearbox has a cover plate held on by 
four Philips head screws and an aluminium 
rivet (located adjacent to the motor, at one 
end). The turnover on the rivet can be gently 
prised up using side cutters and the rivet 
slipped out. Then undo the four screws. Care¬ 
fully take off the cover plate and examine 
the drive shaft and associated gears. By 
examining it, you will see how to slip out the 
drive shaft and turn it over so that it faces 
the opposite direction — it’s easier to do than 
describe! 

With the drive shaft now correctly oriented 
and the gears meshed, put the cover plate 
back on and slip the rivet back in place, turn¬ 
ing over the end to secure it. 

Take a look at the rotation drive assembly 
drawing (Figure 8). Attach the small spur 
gear to the gearbox shaft with the bush and 
nut, as shown. Fit the motor loosely to the top 
plate of the base assembly. Screw the side 
panels to the base (use washers under all 
screw heads) and then screw the top plate 

Assemble the shoulder rotation shaft, large 
spur gear, bush and nut to the potentiometer 
shaft, align the gears and secure in place. 
Position the motor so that the spur gears are 
firmly meshed without binding and tighten 
the motor mounting screws. At this stage, 
you can apply 9-12 V to the motor to see that 
the rotation shaft turns without the spur 
gears binding. If not, readjust the motor 
mount so that it does. ■ 
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Don’t tighten the set screw to the pot shaft 
at this stage, otherwise you’re liable to 
damage the rotation potentiometer through 
moving the rotation shaft at some stage of 
construction. 

The end plates for the base are not screwed 
in place yet, that comes much later. 

Gripper 

The gripper assembly should be tackled 
next. The motor marked ’gripper’ attaches to 
the gripper mounting plate, as shown in 
Figure 9, via four hexagonal pillars. The 
mounting plate is U-shaped and should have 
the open side of the U facing away from the 
motor. 

The motor shaft should line up with the 
large hole in the plate. The wrist pivot bar 
(see Figure 10), fits flat against the hexa¬ 
gonal pillars and the gripper mounting plate. 
It only fits correctly one way round. 

Two screws pass through the mounting 
plate into the pivot bar. The gripper drive 
shaft should pass through the pivot bar and 
over the gearbox drive shaft, where a set 
screw is used. 

At this stage, apply about 12 V or so to the 
gripper motor and make sure the gripper 
drive shaft rotates freely, If not, re-check the 
orientation of the pivot bar. We found that 
some filing with a fine rat-tail file was neces¬ 
sary to obtain proper rotation. 

The jaws are spaced between the U of the 
mounting plate by four cylindrical spacers, 
each about 5 mm long. Tighten the screws 
onto the lock nuts, but make sure the jaws 
can still move with only light pressure 
applied. The screw heads should be on the 
side where the pivot bar sticks out furthest. 

The nylon leadscrew passes through a flat 
plate about 15 x 50 mm and into the end of 
the gripper drive shaft. Fit the jaw operating 
links to the flat plate and return springs with 
small wire loops. Apply power to the gripper 
motor once again and observe the action. 

The leadscrew will require some adjustment 
to get the jaws to open and close completely. 
Once you have mastered the adjustment 
procedure, you may fix the leadscrew to the 


drive shaft with a drop of'Loctite’ or similar 
compound. DO NOT use epoxy or you’ll 
never be able to adjust it again. 

Forearm 

Sort out the pieces for this assembly. This is 
the section that goes between the elbow and 
the wrist (naturally!). Note that the lips on 
the side plates face inwards. 

Fit the couterweight between the two side 
pieces and loosely mount it with the four 
countersunk screws. Fit the wrist motor and 
potentiometer to the outside of the side 
pieces, as shown in Figure 10. 

Fit the shaft securing bush (Figure 11) 
near the counterweight on the same side piece 
as the wrist motor is mounted on. Tighten it. 
The gripper may now be placed between the 
wrist motor and the wrist potentiometer, as 
per Figure 10. 

Tighten the counterweight screws and the 


set screw on the motor end of the wrist pivot 
bar. The wrist pot. position should be adjusted 
by moving the shaft nuts to get the arm side 
pieces near parallel, but, more importantly, 
to allow the gripper assembly to rotate freely. 

Upper arm 

Sort Out the pieces for this assembly. Note 
that the two side pieces assemble with the 
lips facing outwards. 

The two motors and two position pots 
mount diagonally opposite one another on 
the two halves. Study the accompanying 
photographs to get the orientation right. 

The potentiometers mount with plastic 
spacers and bushes to form a sort of floating 
bearing through the upper arm and shoulder 
support bracket. Because of this, the upper 
arm must be assembled through the other, 
pieces so must be done last. 
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Fit the two counterweights to the lower 
ends of the side pieces, on the outside. We 
found that the two pots on this arm section 
had to have 5 mm cut off their shafts. Check 
the fit by trial and error, assembling the 
upper arm before you chop off the pot. shafts! 

A metal rod with threaded ends is used to 
stabilise the upper arm near the counter¬ 
weights and to limit the angle through which 
the arm can move relative to the shoulder 
support bracket. This rod passes through the 
outermost holes on the upper arm side pieces 


and when the arm is assembled, the rod fits 
on the side of the shoulder bracket that has 
the corners cut off. Two nyloc nuts secure 
this rod. Refer to the accompanying photo¬ 
graphs. Don't forget the two rubber grommets 
in the base of the shoulder bracket. 


Final 

Place the shoulder bracket onto the rotation 
drive shaft, orienting the arm so that, from 
the power cord end of the base, the wrist 


motor is on the right. Tighten it. 

Now secure all the gearbox drive shaft set 
screws, but not the potentiometer shaft set 
screws. Move each axis to the centre of its 
travel — gripper, forearm and upper arm all 
in line about 60° above the horizontal, with 
the arm pointing forwards. 

Set each potentiometer to its centre 
position, i.e: equal resistance between the 
centre tag and each of the outer ones, by 
using a screwdriver in the adjustment slot. 
Then secure all the pot. shafts. 


13 
























FOR COMMODORE 60 


Zork. 1,2 &3 . S25.00* 

Kongo Kong.$24.95* 

Home Manager.' $39.95* 

Master File.$39.95* 

Underworld . $24.95* 

Bridge . $24.95* 

Choplifter (cart) . $64.95* 


Macpan.$19.95* 

Cops & Robbers.$ 19.95* 

Fly Snatcher.$19.95* 

Mosquitoes.$19.95* 

Curse of the Werewolf.$ 19.95* 

Scramble.$19.95* 


Strip Poker. 

Bridge. 

Monkey Maths... 
Draw Pic. 


. $39.95* 
.. S24.95* 
.. $29.95* 
.. $39.95* 


The Computer Spot now offers an 
Exclusive Extended Warranty that 
doubles the warranty period on 
pre-tested hardware to ensure 
trouble-free operation. 

*Recommended Retail Price 


"W And so much more... from the spot with 

the lot in Home Computing. 

ComputerSpot 


Castlereagh Street Level MLC Centre, Gallery Level Eastgate Centre, Bondi 

Martin Place,Sydney 2000.Tel: 2352971 Junction 2022.Tel: 3875208 


NEW! The remarkable KoalaPad 
High-resolution Computer 
Graphics Touch Tablet from 
$ 149 . 95 . Includes Software 
Package 
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Commodore 64 
Triga Command Joystick 
Cassette Recorder 
& 3 Ozi Soft Programs 

$569 


VIC 20 

Triga Command Joystick 
Cassette Recorder 
& 3 Ozi Soft Programs 

$369 


SpectravideoSV318 

$ 499 * 


NOW AVAILABLE! 

The new Atari 600XL (16K) 

$ 399 * 

And the new Atari 800XL (64K 

$ 599 * 


Sinclair Spectrum from $ 299 * 
With complete software range 
available ex-stock. 


Spectravideo SV328 

$ 799 * 


NEW SOFTWARE 
JUST ARRIVED! 


Now franchised agent for B.B.C. 
MICROCOMPUTER 
Used by the ABC and 
recommended for use in schools in 
5 out of 6 states in Australia 


The Best Spot in town 

for all your personal computing needs. 


SPECIAL 

PRCKROE 

OFFERS 


Sydney's Largest Stockist of 
Commodore 64 and Vic 20 
Software and Utilities. 


HRRDUJRRE 


SAVE $80 


SAVE $69 











































Wiring looms 

Now for the wiring looms. Make up the left 
and right looms as per the Wiring Looms 
diagram. Use a ruler to cut the wires 
accurately as only just enough is supplied. 

With each loom completed, wire them in 
place and then route them as shown in 
Figure 12, securing the looms with cable ties 
and stick-on cable grips, as shown. 

The hash suppression capacitors are 
mounted on the rear of each motor as follows: 
take two 47n ceramic capacitors and twist 
two adjacent leads together, as shown in the 
accompanying illustration. Cut all leads to a 
length of about 10 mm. 



47n CERAMIC CAPS 


Solder the joined leads to a convenient spot 
on the rear of each motor using a heavy duty 
iron. It is best to lay a blob of solder on the 
motor case first Ci-.e: 'tin' a small area), then 
solder the twisted leads to the blob. Make 
sure you get a secure connection. 

Having done that, cut the motor leads short 
and solder each to a remaining capacitor 
lead. 

The two looms pass through the grommet- 
ted holes in the base of the shoulder bracket, 
then towards the rear of the base and through 
the two grommetted holes on the top of the 
base. Don't wire them to the base end plate 
terminal blocks yet. Make sure to leave a 
generous loop near each axis of the arm. 
Only apply the cable ties loosely at this stage 
as you will undoubtedly need to adjust them. 
You can do this by applying power to each 
motor in turn and seeing that each has 



enough freedom of movement without fouling Now you can wire the looms to the terminal 

on the cable. The rotation shaft needs 180 blocks, as per Table 1. 

of movement, so take care here. Check everything. • 
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The Micro-Grasp 
robot arm 

Part 2 

This part covers construction of the interface electronics board, Richard Becker 

which completes the project. Powertran, Andover, Hants U.K. 



ALL THAT REMAINS to complete the 
Micro-Grasp project is the assembly of the 
interface board, wiring it to the mechanical 
assembly and arranging the interface 
connections. 


ELECTRONIC ASSEMBLY 

Many of the components on the interface 
board are closely spaced and you’ll find 
assembly easiest if you follow the order 
detailed here. 

Sockets are used for all the dual-in-line 
(DILI ICs. These should be soldered in place 
first. Identify which is required for each IC 
position and solder them in place one by one 
taking care to orientate them correctly. 


The single-in-line resistor pack, R3-R10, 
should be soldered in place next, making 
sure you place the end marked with a spot 
towards the outer edge of the board, as 
indicated on the component overlay. 

All the resistors should be soldered in place 
next. Note that four are stood vertically from 
the board: R26, R27, R29 and R30. Solder the 
disc ceramic capacitors in place next, then 
the polyester capacitors (the colour-coded 
ones). The four 47n capacitors are located 


between the row of trimpots and the row of 
IC6s (A, B, C, D). The lOOn capacitors are all 
located between the row of trimpots and the 
line of LM2877s (ICs 8A-D and 10). Finish off 
this stage of the construction by soldering 
the electrolytic and tantalum capacitors in 
place. Take care they are each orientated 
correctly. 

Now you can mount the eight trimpots. 
Follow by assembling the 7805 regulator, 
IC1, and its heatsink to the board, carefully 
bending the leads to fit into the holes pro¬ 
vided. Solder the leads after tightening the 
securing bolt. 

The five LM2877 dual power amp ICs can 
be soldered in place now. These are in single¬ 
in-line packages (SIP) and have a soft copper 
heatsink 'flag’ on the top. The flag has one 
comer chamfered, indicating the pin 1 end of 
the package (see the accompanying pinout). 
Make sure these ICs are facing the right way 
before soldering them in place. The spot and 
arrow on each IC on the overlay diagram 
in.. cate the direction of the pin 1 end of each 
package. 

The 10-way DIP switch may be soldered 
in next. The 'open’ side faces away from 
IC2, note. 
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TABLE 2. 


PC BOARD 
CONNECTION POINT 


3 


6 

7 

8 
9 

10 

11,12 

13,14 

15 

16 

17 

18 

19 

20 
21 


TERMINAL 

BLOCK 


3 


9 

10 

12 

tag 

13 

15 

16 

17 

18 


DESTINATION 

rotation motor +ve 
rotation motor -ve 
shoulder motor -ve 
shoulder motor +ve 
elbow motor - ve 
elbow motor +ve 
wrist motor - ve 
wrist motor +ve 
gripper motor -ve 
gripper motor +ve 
+9V 

0 V (solder tag on chassis) 
wrist feedback (RV101D, tag B) 
elbow feedback (RV101C, tag B) 
shoulder feedback (RV101B, tag B) 
rotation feedback (RVIOi A, tag B) 
0 V, analogue 
Vp 


That completes the component assembly. 
A careful check at this stage may obviate 
problems later on. 

The 21-wire flat ribbon cable can now be 
prepared for connecting between the inter¬ 
face board and the arm assembly. Separate 
the wires at one end and strip and tin the 
wires. A group of six on one side is pared back 
from the rest to go to connection points 16-21 
(see the overlay and photograph). 

The other end of the ribbon cable connects 
to the terminal blocks on the end plate of the 
arm assembly according to Table 2 (which is 
related to Table 1). Temporarily leave off the 
wires to terminals 2,4,6,8 and 10. 

Check everything, once again. 

Don’t plug in the remaining ICs yet. 

All that remains now is to arrange the 
interface connections according to your 
computer’s expansion socket pinout. 

The edge connector at the right hand end 
of the board plugs into a 44-way keyed socket. 
This is British-made, UECL part CS 1692F 
1585 8237, and suits the Sinclair ZX81 
expansion connector. To interface the board 
to your computer, you’ll need one of these 
sockets, a short length of 28-way ribbon cable 
and a plug or socket to suit your computer's 
expansion connector. 

Testing and calibration 

Power up the robot and interface board with¬ 
out the computer connected and with all the 
ICs unplugged and check the power rails for 
±9 V approximately and ±5 V from the 
regulator. Assuming all is well, switch off 
and plug in the ICs. Check again and switch 
off. 

Connect the computer, switch on the robot 
followed by the computer and check the 
computer's operation is unaffected by the 
interface board. If it is, then there is probably 


a short across the address or data lines on 
the board. 

Set all the DIL switches to open, rotate 
RV1 A-B-C-D fully anticlockwise and enter 
POKE 65472,0. Each output of IC5a will now 
be low and IC7a pin 1 will be close to 0 V. 
Enter POKE 65472,255 and each output will 
change to high and IC7a pin 1 will change to 
close to +1 V. Enter POKE 65472,128 and 
IC7a pin 1 will change to 0.5 V. 

Similar results will be obtained on servo 
circuits B, C, D using addresses 65473, 
65474, 65475 respectively. 

Address the monostables with POKE 
65477,0 and POKE 65478,0 and IC9 pins 13 
and 5 respectively will go high for about two 
seconds and then return to low. 

Connect the rotation motor (terminal 
block 2) whilst the robot is switched off, turn 
each preset to its midway position and switch 
on. The arm will move to some extent and 
come to rest peaceably i.e: without being 
held back by its cables. 

Turning RV1A will result in the arm 
changing its position. 

Return RV1A to its midway position, 
successively enter data of 0 and 255 (i.e: 
minimum) and maximum codes and adjust 
RV1A-RV2A for 180° of movement sym¬ 
metrical about the forward facing position. 

Repeat this procedure one axis at a time 
for the other three servo-controlled axes, 
adjusting for the shoulder to move between 
almost touching the end stop and about 10'" 
below horizontal and for the elbow and wrist 
joints to have 180° movement. 

Finally, connect and check the gripper 
motor circuit and after fitting the end panels 
the robot is ready for use. 

We hope to follow up this project descrip¬ 
tion with some general software details plus 
interfacing to some popular micros and a 
few programs. • 


S.lLVCL'LlCiicU, 

siui^lctlcal 


If you’re really into electronics. .. 
you’ll be into the ETI Collection 




ookbooks covering a wide vari- 
circuitrv and techniques., from 
■ ' ' ’ ■ 'esign to 555 

ETS. voltage 
■Ds. zeners. 
tie reference 

$4.95 plus $1.00 postage and handling. 


ELECTRONIC PROJECTS FOR CARS 



$4.94 plus $l.t 


0 postage and handling. 
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Programmer for fusible-link 
bipolar PROMs 

The problem: How do I configure an array of memory chips of differing 
capacities without resorting to multiple decoders and a rat's nest of jumpering? 

Or, how would I get a 7-segment display to show more than the usual 0-9 digit 
information? 

The solution: A bipolar PROM! They’re fast. They’re cheap. They’re easy to 
program. They’re cheap. They don’t take up a lot of expensive pc board real 
estate. And they’re cheap! 


Chuck Simmers 

Reid Application Engineer, Intel Corp., NSW 


HAVE YOU EVER been designing a project 
and wished you had a custom decoder or 
simple PLA (programmable logic arrayf to 
reduce the chip count and make the circuit 
less complex? How about using a seven- 
segment LED display to show more than the 
usual zero-to-nine digit information? All 
these applications and many more can be 
addressed by one versatile integrated circuit 
called the Schottky Bipolar Programmable 
Read Only Memory. 

They are produced by many manufacturers 
in pin-compatible forms and are widely 
available through normal sources. Although 
they range in sizes up to 4K x 8 (ten inputs, 
eight outputs!, for our purposes we will be 
discussing only the smallest one, the 32 x 8 
(five inputs, eight outputs), known under the 
generic number of 74LS188/288. Table 1 
gives a cross reference of the more popular, 
pin-compatible parts. All have similar or 
identical specifications. 

Bipolar PROMs — a lot more 
than just a memory chip 

Pin-out and logic diagram are given in 
Figure 1. Some suggested uses are shown in 


Figure 2. Figure 2(a) illustrates the original 
application of a memory decoder. With the 
appropriate program in PROM, the memory 
banks can be any size from 2048 to 32K bytes, 
in any mixture, and may be located on any 
2K boundary. 

Figure 2(b) shows the PROM used as a 
LED segment driver. With 32 different 
characters, these PROMs can be cascaded to 
produce custom 14 and 16-segment 'star- 
burst' display drivers. 

The device is used as a liquid crystal display 
driver in Figure 2(c) wth address line four 
and the LCD’s backplane being driven from a 
low frequency oscillator. The lower half of 
the PROM is programmed with positive’ 
segment data while the upper half is negative'. 
The result is a 180° phase relationship 
between the backplane and the decoded 
segment information. 

As in Figure 2(d), any eight different 
functions, based upon any 32 input conditions, 
or the states of five inputs, can be realised 
with these chips. Keep in mind the 25-35 ns 
propagation delay time when designing your 
circuits and calculate this into any timing 
equations. ___ 


These Schottky PROM memories are 
organised as 32 words by eight bits. An 
enable input is provided to control the output 
states. When the enable input is in the low 
state, the outputs present the contents of the 
selected word. If the enable input is raised to 
the high level, it causes all eight outputs to 
go to the 'off or high impedance state. 

Since these devices are of a Schottky- 
clamped type, they have very fast access 
times, in the range of25-35 ns maximum. 

They are available in both open-collector 
(74LS188) and totem-pole versions (74LS288). 
PROMs are shipped from the distributor 
with lows in all locations. A high may 
be programmed into any selected location 
by using the following programming instruc¬ 
tions. (NOTE: Once programmed, it is 
impossible to go back to a low state.) 

In order to generate a high level on the 
outputs, the PROMs must be programmed in 
the following manner: 


1. Address/Inputs and chip-enable pins must 
be driven from normal TTL logic levels 
during both programming and verification. 

2. Programming will occur at a selected 
address when Vcc is held at 10.5 V, the 
appropriate output is held at 10.5 V, and the 
chip is enabled. To achieve these conditions 
and the appropriate sequence, the following 
procedure must be followed: 

(a) Select the desired word by applying a 
high or low level to the address/inputs. Dis¬ 
able the chip by taking the enable input to a 
high level. 

(b) Increase Vcc to 10.5 V. Since Vcc 
supplies the current to program the fuse as 
well as the Icc of the device at programming 
voltage, it must be capable of supplying 
750 mA at 11.0 V. 

(c) Select the output where a high level is 
■ desired by raising that output pin to 10.5 V. 
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It is critical that only one output at a time be 
programmed since the internal circuitry can 
only supply programming current to one bit 
at a time. Outputs not being programmed 
must be left floating or tied to a high 
impedance source of at lease 20k Ohm. 

(d) Enable the device by taking the chip 
enable to a low level for a duration of 10 us. 

(e) Verify that the bit is programmed by 
first removing the programming voltage of 
10.5 V and returning Vcc to 5 V. The chip 
must be enabled to sense the states of the 
outputs. Steps (b), (c) and (d) are repeated 
about ten times or until the output is verified. 

(f) Following verification, apply about five 
more programming pulses to the bit to 
ensure that the fuse is completely blown. 

(g) Repeat steps (a) through (f) for each bit 
to be programmed to a high level. After all 
selected bits are programmed, verification of 
the entire contents of the memory should be 
performed. 

TABLE 1. 


Type No. 
74S188 
74S288 
77S188 
77S288 

27518 

27519 

6330- 1 

6331- 1 
82S23 
82S123 


ble fusible-link bipolar PROM types 
Speed Manufacturer 
22 ns National Semiconductor 

22 ns National Semiconductor 

12 ns National Semiconductor 

12 ns National Semiconductor 

AMD. 

A.M.D. 

M.M.I. 

Signetics 

Signetics 


The circuit 

Two voltage regulators provide the approp¬ 
riate programming and verifying voltages 
needed. The ground of one of the regulators is 
'lifted’ about 5 V above ground to obtain the 
10 V for programming. SW1 is a 4PDT type 
and is used to switch between programming 
and verifying modes. PB1, a momentary-action 
normally-open pushbutton, enables the one- 
shot 74121 to enable the chip for about 10 us 
when in 'PROG’ mode. 

A 9-position rotary switch (SW3), is used 
to select the output that is to be set high. 
Replacing this switch with a bank of single¬ 
pole switches is not recommended because of 
the possibility, or temptation, to blow more 
than one fuse at a time. 

SW4 through SW8 are the address/input 



Figure 2(a). This project was designed so that I could blow a PROM for the application illustrated here — a 
memory address decoder. 


select switches. The two CMOS 4049 hex 
buffers were chosen for output drivers for 
their ability to tolerate input voltages up to 
15 V with a 5 V Vcc supply. 

Lastly, the LEDs are used for visual 
display and verification of the PROM 


contents after programming. Simple, right? 

The circuit could easily be expanded 
to accommodate larger PROMs, but I think I 
would be inclined to explore a more auto¬ 
matic approach by adding ports and driving 
transistors to a microprocessor-based system. 




Figure 2(b). A 7-segment LED display driver. You can 
get more than just 0-9 you know! 



Figure 2(c). A liquid crystal 7-segment display driver. 
The logic operation can be determined from Table 2. 



Figure 2(d). Any eight different functions can be 
realised, based on any 32 different input conditions or 
the states of five inputs. 
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AND 688b VIEW 
OF COPPER SIDE 


-PARTS LIST — ETI-6 


Capacitors 

Cl .10u/25 V RB electro. 

C2 . 2200U/25VRB electro. 

C3, 6, 7 .4u7/10 V tant. 

C4 .1 n5 greencap 

C5 .lOOn ceramic or greencap 

Semiconductors 

D1-D4 .1N4001, 1N4002, EM401, 

EM402 etc 


IC1, IC2 .UA7805, LM7805 

IC3 .74121 

IC4.IC5 . 4049 

LED1-8 .rectangular red LEDs 

ZD1 .5V1/1W zener 

Miscellaneous 

PB1 .miniature momentary 

action pushbutton 

SW1 .three-pole, two position 

min. toggle switch 

SW2 .DPDT min. toggle switch 

SW3 .single pole, 12-position 

C&K Lorlin' rotary switch, 
set for 8-pos. operation. 


Price estimate $38 — $42 



Construction 

The programmer is built on two pc boards. 
The larger one replaces the lid of a medium¬ 
sized jiffy box (41 x 68 x 130 mm), while the 
smaller board (comprising the power supply), 
fits inside. Before commencing assembly of 
the boards, check that: 


(i) the small board fits into the box 
vertically; 

(ii) the larger board fits in place of the 

(iii) the screws used to secure the lid 

pass through the corresponding holes in the 
pc board and align with the pillars in the 
box; and 

(iv) the rotary switch, the PROG/VERIFY 
switch and the 5-way DIL switch all fit 
correctly. 

Also run your eye over the tracks on the pc 
board looking for small cracks or possible 
shorting 'bridges’ between tracks. Check 
also that the component holes are all drilled 
and the correct size. 

Build the smaller board first. There are 
two alternatives to choose from here, 
depending on whether you have an ac or a dc 
plugpack. I used a 12 Vdc/1 A plugpack and 
did not install the four rectifier diodes. 
As the plugpack I used powers the office 
MicroBee, which has a 5-pin DIN plug out¬ 
put, I installed a 5-pin DIN socket on the end 
of the programmer’s case and wired pin 1 via 
a small toggle switch to the diode cathode 
pad nearest the 2200 uF filter capacitor (C2). 
This switch was mounted on the side of the 
jiffy box, about 10 mm up from the bottom 
and 20 mm in from the end with the DIN 
socket. 

If you are using an ac plugpack or an 
externally-mounted transformer, you should 
install the four diodes and wire the ac input 
via a switch, as shown in the overlay and 
wiring diagram. 

The components can be assembled on the 
power supply board in any order, just take 
care that they are correctly oriented. 

When you've completed it, apply power 
and check that the +5 V and + 10 V rails are 
present (measured with respect to the 0 V rail). 

The large pc board can be tackled next. 
Start by installing the link between the posi¬ 
tions of R20 and R21. Install all the resistors 
and capacitors next (make sure you get Cl 
the right way round). 

Follow by soldering the eight rectangular 
LEDs in place. The anode lead of each is the 
longer one and this is inserted in the hole 
closest to the edge of the pc board. 

The 5-way DIL switch may now be soldered 
in place with the open' side facing the row 
of resistors R2-R6. Next install IC3 and 
the 16-pin socket for the PROMs. I used a 
Textool "zero insertion force’ l ZIFI socket, but 
you could cut more than $10 off the price of 
the project by using an ordinary 16-pin IC 
socket. It's perfectly adequate where the 
programmer is not in everyday or every- 


The rotary switch, SW3 can now be screwed 
to the pc board. I used a C&K Lorlin' 
12-position switch here with the index pin 
set to stop the action at nine positions. Orient 
the switch so that pin 1 is adjacent to the pad 
which has a track leading to pins 3 and 14 of 
IC5. Using eight short lengths of 22 gauge 


tinned copper wire, wire each of the contacts, 
one to eight, to the respective pads on the pc 
board, as per the underside wiring diagram. 

Now install the pushbutton, PB1 and wire 
its contacts to the board with tinned copper 

W 'install the PROG/VERIFY switch, SW1, 
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16 Channel computer 
output driver 

With this project hooked up to your computer you can 
drive relays, motors, lamps, solenoids, or whatever, under 

software control. Do something useful with your computer! Geoff Nicholls 



A PERSONAL COMPUTER need not 
necessarily be used for playing games, 
learning programming or producing 
computer club newsletters. With this 
project, you can put it to some practical 
use. Just what that is I’ll have to leave to 
your imagination and ingenuity! 

Two independent groups of eight out¬ 
puts are provided. Each of the 16 output 
driver circuits is configured to run from 
a 12 V supply, although higher supply 
voltages may be used. Each can be con¬ 
figured to sink up to 3 A. Simple address 
selection for the board is provided by an 
on-board DIP switch. It’s a pretty 
straightforward project and you can 
vary things to suit your application(s). 

Component options 

The component values shown in the 
circuit diagram are for output currents 
of up to 2 A. If other load currents are 
desired, then a few components need 
changing in order to reduce power dis¬ 
sipation in the output transistors. 

For currents of less than 1 A, the 
TIP31Bs (Q17-32) may be replaced by 
BD139s — which have the distinct 
advantage of costing considerably less 
than TIP31Bs. However, note that 
BD139s have a different pinout such 
that the metal face on BD139s is on the 
opposite side of the package to the 
TIP31Bs. 

The base current drive to the output 
devices is determined by R17 and R32 
and may be optimised for different loads. 
The table here (Table 1) summarises 
component values for various output 
currents. 

If the total output current is expected 
to exceed 20 A for more than a few 
TABLE 1. Component variations 


The project is built on a board measuring 103 x 165 m 

minutes, then it is advisable to make 
the following changes: 

(a) Use a terminal strip capable of 
passing half of the total load current 
through each terminal OR solder the 
power ground directly to the pc board 
ground plane. 

(b) Solder several lengths of tinned 
copper wire to the heavy power ground 
track on the pc board. 

Intermittent use over 20 A should 
not require these changes. The power 
dissipation calculations for transistors 
Q17 to Q32 were based on data for 
RCA-manufactured TIP3lBs. The 
prototype transistors developed a 
collector-emitter voltage of 0.65 V at 
2 A, which does not necessitate heat¬ 
sinking the transistors. If high current 


OUTPUT 

CURRENT 

amps 

Q17 

to 

Q32 

R17 

to 

R32 

R1 

to 

R16 

+5 V SUPPLY 
CURRENT (max.) 

3 

TIP31B 

15R/1W 

330R 

3.4 A 

2 

TIP31B 

18R/1 W 

470R 

2.8 A 

1 

TIP31B 

22R/V2 W 

470R 

2.3 A 

<1 

BD139 

33R/y 2 W 

470R 

1.6 A 


loads are to be used, measure Vce and Ic 
and calculate P = Vce x Ic. 

The TIP31B can dissipate 2 W at 25°C 
ambient without heatsinking. Con¬ 
tinuous use at high currents may require 
a small flag heatsink on each TIP31B. 

Construction 

The entire electronics for this project is 
mounted on a double-sided pc board. 
During the early design phase, it was 
found that a single-sided pc board would 
require an unacceptably huge number 
of links. To keep the cost down, through- 
hole plating was not specified for this 
board and connections between top and 
bottom side tracks are made with links 
of 22 swg tinned copper wire, of which 
there are a total of 61. IC sockets were 
installed on the prototype, but these are 
not essential. 

Commence construction by giving the 
pc board a good inspection, looking for 
broken tracks and undrilled holes. Make 
sure the tracks are clean and bright so 
that soldering is easily carried out. 
Insert all the links first. These are 
identified on the component overlay 
diagram by a •. Note that a large star is 
next to a '62nd’ link more or less in the 
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entre of the board. This is the optional 
V link — see the text under the head- 
ng 'Power supplies’. 

Next, solder diodes D1 to D17 in place. 
Nfote that the cathodes of these diodes 
ire soldered on the component side of 
he board. Solder resistors R1 through 
[16, then R33 through R48 in place 
lext. Mount and solder the BC639 
;ransistors, Q1 to Q16, in place next. All 
;he 1 W resistors, R17 through R32, 
stand up on end and these may be 
soldered in place after the transistors. 
Follow with the remaining four resistors 
and the three capacitors. Now you can 
mount and solder in the output devices, 
Q17 to Q32. Watch orientation. 

Now mount DSW1, but take care you 
put it round the right way. The ON 
position of the switches should be ad¬ 
jacent to the edge of the board. If you’re 
using IC sockets, put these on next. If 
not, solder the ICs in place. Note that 
ICs 1, 2 and 5 are CMOS types, so take 
precautions in handling and soldering 
them in place. Only handle them by the 
ends of their cases after discharging 
yourself against an earthed metal 
object. Solder the supply pins first. A 
16-pin DIL IC socket is used for the 
input connections and this- can be 
mounted now. Last of all, mount and 
solder in the output terminal strip or 
strips. We used one 12-way and one 
8-way strip as we could not obtain a 
single 20-way strip. 

Having completed the construction, 
go over the board very carefully, looking 


for missed links and components, bad 
joints or mis-oriented semiconductors. 
Fix any faults and, if you’re satisfied all 
is well, the best way to test the board is 
to hook it up and try it out! 

Power supplies 

The logic power supply of +5 V should 
be supplied from the host computer Vcc 
rail through the DIL socket pins 15 and 
16. The computer’s ground (0 V) should 
be connected to pin 9. 

The +5 V power to the driver circuits 
should not come from the host computer 
unless it has the capability to supply 
at least an extra 3 A. In any case, heavy 
wire should be used (at least 24 x 0.2 mm 
hookup wire) for the power connections 
to the terminal strip to minimise 
voltage drop. 

The optional 0 V link (marked with a 
star) should only be used for light loads. 
Normally, the connection between 0 V 
logic and power should be at the power 
supply. , . 

The output drivers power supply is 
shown as + 12 V, but other voltages may 
be used, up to about 70 V. The PIV 
rating of diodes D1 to D16 should not 
be exceeded, however (best use 400 V 
diodes here, at least). 

Hooking it up 

The ETI-653 has been designed to allow 
up to eight boards to be connected to a 
computer through a single ribbon cable. 
In order to do this a special strobe signal 
must be supplied by the computer 



* R6*27.R8 j-tt* i|7 - i—r « 
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whenever any of the ETI-653 boards are 
being selected. This will probably 
require a small hardware circuit, unless 
your computer is favoured by the 
famous Murphy! If there is sufficient 
interest we may publish a general 
purpose interface board, but until then 
you will have to work out for yoursell 
how to connect a particular computer 
from the following guidelines. (For 
background information, refer to 
ETI August ’82, Turtle Interfacing 
Fundamentals.) 

I will assume that the computer has 
an I/O scheme with eight I/O address 
lines - ADO to AD7. The ETI-653 
inputs A0 to A3 are then connected to 
the lowest four I/O address lines of 
the computer, i.e: ADO to AD3. Each 
ETI-653 board is then set up at a dif¬ 
ferent address via the DIL switches, 
DSW1, 2 and 3. This means that the 
ETI-653s will occupy 16 consecutive I/O 
ports. Now for the hard part! 

The STROBE input (A4) must have a 
positive or negative going edge (see the 
How it Works) that occurs when an I/O 
WRITE to the ETI-653s is taking place. 
In order to fully decode the I/O port 
address space, the other I/O address 
lines (AD4 to AD7) must be gated with 
the I/O control signals to produce the 
STROBE signal. In order to get the 
STROBE transition timing correct, a 
signal such as WRP (write pulse) should 
also be gated in the STROBE logic. This 
allows the data buss to settle before the 
latches are locked. 

The ribbon cable requires a buffered 
driver for each wire carrying logic 
signals, especially if multiple ETI-653s 
or long cable runs are envisaged. 

PARTS LIST — ETI-653 — 

Resistors .all ViW, 5% unless noted 

R1-16,33-48 .470R 

R17-32 .18R.1 W 

R49-52 . 10k 

Capacitors 

C 1 .lOOu/16 VRB electro. 

C2.C3 ......100n blue chip ceramic 

Semiconductors 

Q1-D16 .1N4002,1N4004 etc 

IC1 .74C02 

IC2 .74C00 

IC3 4 . 74LS374 

IC5 .74C86 

Q1-16 .BC639 

q 17.32 .TIP31B.BD 139 (see text) 

Miscellaneous 

ETI-653 pc board; DSW1 — 4-way DIP switch; 
16-pin DIL socket; IC sockets (optional) — 
3 x 14-pin, 2 x 20-pin; 2 x 16-pin DIP headers; 
1 x 12-way and 1 x 8-way pc mount terminal strips 
or 1 x 20-way type; suitable length 16-way rlhhnn 
cable; 22 swg tinned copper wire, etc. 

Price estimate 
$40 —$45 


TO-220 (e.g; TIP31,32) J01 26 (e . g : BD139,140) 
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HOW? 

WHAT? 

WHICH? 

WHERE? 

WHY? 

HOW MUCH? 


\ 

CIRCUIT TECHNIQUES 
VOL. 1. 

Is an anthology of electronic 
components, circuits and tech¬ 
niques, gathering together a 
host of useful articles published 
in the pages of ETI over the past 
few years. 

Within its 148 pages, the book 
covers how to use op-amps, 555 
timer applications, a practical 
guide to CMOS, VFET tech¬ 
niques, Power MOSFETs and 
circuit techniques, using the 
4093 Schmitt trigger, voltage 
regulator applications, design¬ 
ing with diodes, LED circuits, 
practical guide to zeners, crys¬ 
tal oscillator techniques and 
more. 

All in one handy volume, 16 
timeless articles of inestimable 
value to the electronics enthusi¬ 
ast, experimenter, technician or 
engineer. 


$4.95 


Available from newsagents, selec¬ 
ted electronic suppliers or direct 
from 

ETI MAGAZINE 
FEDERAL PUBLISHING 
140 JOYNTON AVE, 

WATERLOO NSW 2017. 
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A simpler interconnection may be 
implemented if a couple of I/O ports are 
available. In this case, the D0-D7 inputs 
can connect to one output port and the 
A0-A4 inputs to another output port. 
The timing of the STROBE pulse is then 
a matter of software driving routines. • 



First of all, note that the component values 
shown on the circuit diagram are for the 2 A 
Output version. Other output current versions 
are possible, as explained in the text, but basic 
circuit operation is the same. 

The host processor connects to the ETI-653 
board via the 16-pin DIL socket. IC5 compares 
the logic levels present on the DIL socket 
pins 14 (A1), 11 (A2), 13 (A3) and 12 (STROBE) 
to the settings of DSW1, 2, 3 and 4 re¬ 
spectively. When a match is found, pin 10 of 
IC1 goes high. The STROBE input should 
receive a pulse edge timed to coincide with a 
valid data buss (pins 1 to 8 of the DIL socket) 
and a valid address (pins 11,13,14). Note that 
either a positive-going or a negative-going 
edge of the strobe pulse may be used, accord¬ 
ing to whether the setting of DSW4 is closed or 
open, respectively. 

The AO input on pin 10 of the DIL socket 
determines which of the two on-board latches 
are being addressed. When pin 10 is low, IC4 is 
selected ( B outputs active'), if high, then IC3 


(‘C outputs active’). 

Each driver circuit buffers one of the 16 latch 
outputs and provides an open collector 
current sink of up to 3 A (see the text on 
'Component options’). 

To simplify the description of the driver 
circuits, consider the one comprising R1, Q1, 
R17, R33, Q17 and D1. Diode D1 is a flywheel 
diode and protects transistor Q17 from excess 
back emf voltage when turning off inductive 
loads, such as a solenoid. When the latch out¬ 
put is low, Q1 is held off via R1 and Q17 is held 
off by R33. Resistor R33 speeds up the turn-off 
time of Q17 by providing a path to remove 
stored charge in the base-emitter junction. 

When the latch output is high, about 5 mA of 
current flows into the base of Q1, thus turning 
it on. R17 sets the base current of Q17 and 
is chosen according to the output current 
requirement. Transistor Q17 must be saturated 
in order to reduce power dissipation and up to 
300 mA of base current may be required for 3 A 
loads (see component options in main text). 
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16K to 32K expansion 
for your MicroBee 


Considering going on to bigger and better things with your 
MicroBee? Not afraid of a little soldering and want to save 

money? Here’s how! Tom Moffat 


PAGE TWO of my MicroBee construction 
manual says: "Should you wish to upgrade 
your 16K MICROBEE you will need to pur¬ 
chase a 32K changeover CORE BOARD. 
WARNING do not attempt to upgrade your 
16K board as this will invalidate your 
warranty and will require an updated BASIC 
anyhow.” 

But don’t believe everything you read. It 
is entirely feasible to upgrade your own 
MicroBee memory, if you take care. Yes, you 
will blow your warranty, but the warranty 
oniy runs for 90 days. That much time has 
probably passed already now that you’ve 
learned to use your MicroBee, and want to 
move on to bigger and better things. 

As for the "updated BASIC” all I can say is 
the BASIC in my MicroBee handles expanded 
memory nicely without any updating. It took 
a bit of digging to discover this. The MicroBee 
Users Manual gives the 'top of memory’ 
pointer location as 00A0 (hex). The 'Search’ 
feature of the MicroBee Monitor was used to 
find a load instruction to that address. Sure 
enough, there it was in the BASIC ROMs at 
857D. It was then necessary to work back¬ 
wards from that address, disassembling the 
code by hand, to find how the data for the top 
of the memory pointer was developed. 


It seems that the MicroBee finds out where 
the memory ends automatically by testing 
each byte and declaring "end of memory” 
when the test fails or when the start of the 
BASIC ROMs is reached. So it can cope with 
any amount of memory up to 32K, in any 
sized blocks. The relevant part of BASIC is 
reproduced in Listing 1, for those interested. 

Pros and cons 

Now to the pros and cons of doing it yourself. 
The prime advantage is financial ... it cost 
exactly $75.40 to turn my MicroBee 16 into a 
MicroBee 32. Applied Technology charges 
$125 to change a 16 into a 32 PLUS. The 
'PLUS’ part involves supplying the parallel 
port plug and the battery backup arrange¬ 
ment, another seven dollars or so worth of 
goodies. 

This is not to suggest that Applied Tech¬ 
nology is ripping anybody off. If you took 
your ’Bee to your local electronics shop 
they’d probably charge more than $125 for 
the job. After all, there’s a lot of labour in it. 
If you do it yourself, you supply the labour 
and you save the shipping which, from 
Tasmania at least, is dreadfully expensive. 

Now before you get stuck into it, it’s 
time to do a bit of soul-searching. Are you 


technically competent to do it? Is your soldering 
up to truly professional standard? Is your 
soldering iron up to professional standard? 
Something like a Weller or Adcola temper¬ 
ature-controlled soldering station is needed 
with the finest possible tip. 

Do you have one, or can you borrow one? 
Look at the pictures, you’ll notice that just 
about all IC pins have other tracks running 
between them on the board. It will be a very 
delicate job, and a mistake could ruin your 
MicroBee forever. If you don’t feel you’re up 
to it there’s certainly no shame in handing it 
over to Applied Technology. 

Ready? 

If, after all that scary stuff, you still want to 
press on, here’s what to do. First, get your ICs 
and eight lOn 'blue chip’ ceramic bypass cap¬ 
acitors, or similar. My ICs were bought from a 
normal supplier in Hobart, and the capacitors 
were ratted from a defunct computer board 
(these are usually very good quality). 

Because of the MicroBee’s memory testing 
feature it is possible to upgrade your com¬ 
puter in 2K stages. You only install the chips 
you need, or can afford. Table 1 sets out what 
chips are required for each level of K’, and 
it should be understood that each level’s 
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STING 1 


ADDR CODE LINE 


LABEL MNEM 


OPERAND 


0400 

856? 

E000 

8567 21000? 
856A 3E80 
856C BC 
856D 280E 
856F 7E 

8570 2F 

8571 77 

8572 2B 

8573 70 

8574 23 

8575 BE 

8576 2005 
8578 2F 
857? 47 
857A 23 
857B 18ED 
857D 22A000 
0000 

00000 Total 


00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
0 0 1 ?0 
00200 


00220 

00230 

00240 

00250 

00260 

00270 


002?0 

00300 

00310 

00320 


;END OF MEMORY DETERMINATION, FROM BASIC. 16/1/83 


DEFR 


DEBUG 

JUMP1 


16 

8567 

0E000 

HL,0?@0 iSTART OF BASIC 
A,80 

2,JUMP2 j GET OUT IF HL=8000 

A, < HL) ;LOAD BYTE INTO ACCUMULATOR, 

;TURN IT UPSIDE DOWN, 

< HL),A jAND PUT IT BACK. 

HL 

( HL),B iPREUIOUS BYTE INTO B 

(HL) ;COMPARE A WITH (HL) 

NZ,JUMP2;N0 GOOD? GET OUT. 

jTURN BYTE OVER AGAIN 

B, A ;AND PUT IT INTO B. 

HL ;NOW DO NEXT BYTE. 


JUMP2 


JR 

LD 

END 


JUMP1 

(0A0),HL;TOP OF MEMORY POINTER 



JUMP2 857D JUMP1 856A 


E000 


Efl 

CIRCUITS 

No4 

$ 2 ." 


ETI CIRCUITS 
No. 4 

conlams a wide range of circuits, ideas and 
data for the electronics enthusiast, arranged 
in 15 categories, including. Alarms. Audio. 
Computers. Games. Triggering & Switching. 
Techmqges. RF and Test & Measurement 

$ 2.95 

Available Irom newsagents, selected electronic 
suppliers or direct from ETI Magazine 
P O Box 227. Waterloo NSW 2P17 Please 
add SI 60 for post and handling if buying 
by mail 


requirements are in addition to previous 
levels. Even if you’re going for the full 32K 
it’s a good idea to upgrade 2K at a time, 
testing as you go. 

To begin the job, open up the MicroBee, 
disconnect the memory battery ( if installed), 
and carefully unplug the core board. If you 
don’t know what the core board is STOP 
right now and don’t attempt the upgrade. 

Put the computer aside and lay the core 
board on the workbench. Study the silk 
screened labelling on the top (component 
side) and work out what ICs go where, and 
which way around. In other words think the 
job through in advance. 

Now, install the eight bypass capacitors in 
their positions next to the empty memory 
chip locations. You might as well put them 
all in even if you’re not installing all the 
memory now. 

Next come the ICs. Start with the small 
ones first to get a bit of practise for the big 
ones. When soldering them in, remember 
that they are CMOS devices and you should 


take the usual precautions against static 
damage. Don’t handle the pins, pick up the 
packages with your thumb and forefinger 
holding the ends only. Use a soldering iron 
with an earthed tip and solder the supply and 
earth pins first. 


TOTAL H 74LS138 4053 61 1.6P PEEK( 1 61 ) 
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I C14 IC16 I Cl 3 72 

I Cl 5 80 

I Cl 7 88 

IC1? 1 Cl 8 96 

IC20 104 

IC21 112 

IC23 1C22 120 

IC24 128 
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Inspect it! Inspect each soldered joint carefully Look for solder bridges' across I 
soldered, etc. 


Look at the close-up photograph. Notice 
that the soldering iron tip is applied to the 
pins from the 'inside the IC’ direction. You 
press down on the pad and the pin at the 
same time and then apply the solder from the 
outer’ side of the pin. Each pin will take 
about two seconds to do, keeping the total 
heat input to a reasonable level. 

The results should look like the photo¬ 


graph . . . just enough solder to do the job and 


Test as you go 

Testing your work is simple. After each 
2K, reinstall the core board and fire up the 
computer. It should 'beep' into a cold start. If 
you inspect location 161 (decimal) with a 


PEEK instruction, you will find where the 
MicroBee thinks the end of memory is. If it 
agrees with where you think the end of 
memory is, congratulations. 

If you've gone for the full 32K, try out the 
'self-test' routine by holding down ’S' and 
operating RESET at the same time. The com¬ 
puter should now pass the '32K RAM' part of 
the test that it had always failed in the past# 


PCBs 
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The ‘screen spotter’ 

— a light pen for the Microbee 


This simple, low cost device plugs into the Microbee’s 8-bit 

port and gives you an ‘entry’ into the world of light pens and Geoff Nicholls 

interactive software. The project has been developed from an 
idea submitted by a reader, Andrew Allen, of Manly Vale NSW. 


ADDING A LIGHT PEN to your computer 
can open up a whole new range of possibil¬ 
ities to explore in software and the 
interaction between people and computers. 
This project should give Microbee owners 
an ‘entry point’ to some of those 
possibilities. 

The video display chip in the Microbee 
has a ‘light pen’ input but this is not readily 
accessible for external connection. Hence, 
other avenues for adding a light pen had to 
be explored and the eight-bit port seemed 
like a simple way to go about it and that’s 
where this project plugs into the ’Bee. 

To get a photosensitive device to ‘see’ a 
single pixel on a VDU screen requires some 
pretty fancy optics, way beyond the re¬ 
sources of the home constructor, but 
detecting a single low-res graphics ‘block’ is 
no problem. For that reason, this project 
has been dubbed the ‘screen spotter’. 

Mechanically and electronically, the pro¬ 
ject presents few difficulties. The soft¬ 
ware, we’ll leave to you — apart from a 
demonstration program, reproduced later. 
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Design 

There are two parts to the Screen Spotter 
— the ‘head’ and the ‘interface’. The head 
is housed in a plastic logic probe case and 
contains a phototransistor to detect light 
from the VDU screen, plus pulse-forming 
circuitry and a momentary-action pushbut¬ 
ton so you can signal a ‘response’ to the 
computer. 

The interface unit is a small board 
mounted on a DB15 plug which fits in the 
Microbee’s 8-bit port. This board contains 
circuitry which provides the appropriate 
signals to the computer. 

The head and interface units are con¬ 
nected via a coiled cord of three wires plus 
a shield. 

A coiled cord (rather like the one on 
your telephone) keeps itself out of the way 
when the unit is not in use. This cable does 
not have to be shielded, a four-wire cable 
will serve just as well. 

Housing the head gave me a few head¬ 
aches! Putting the bits in the barrel of a 
suitable pen is possible, but very difficult. 


Cigar tubes are great, but not everybody 
smokes cigars! If you’re not fussy, a housing 
is unnecessary — but the ability of the 
phototransistor to discriminate between 
adjacent spots on the screen is not good 
without some method of restricting its 
‘view’. 

After some considerable searching and 
discussions with suppliers, I settled on a 
locally available logic probe case made by 
the General Specialties Corporation (USA), 
which was obtained from Jaycar. This 
comes complete with probe tip, etc, but only 
the case part is used. The phototransistor 
neatly fits in the moulding intended for the 
probe and this provides a tube which 
restricts the view of the phototransistor 
sufficient for the purpose here. 

The pc board containing the head com¬ 
ponents was designed to fit snugly in the 
case. A hole has to be accurately drilled in 
the case top for the pushbutton key switch. 

The head could be housed in some other 
sort of container, but that shall have to be 
left to your ingenuity and resourcefulness. 









-HOW IT WORKS - ETI 649- 

Phototransistor Q1 is illuminated by white 
areas of the video monitor and produces a 
corresponding variation in current through 
R1. Transistor Q2 buffers the phototransis¬ 
tor and ICIa plus associated components 
forms a high gain ac amplifier. ICIb and 
associated components square up the 
output from ICIa. At this point, the signal is 
either 0 V if the pen is on a black area of the 
screen, or a train of pulses if the pen is on 
a white area. IC2a and C6-R9-D2 stretch 
the pulses so that a constant ‘1’ is obtained 
at IC2b if the pen is on a white area, or vice 


The pushbutton output is debounced by 
R2-C2-R11 and IC2d. If the button is 
pressed, the output of IC2d is 1, and vice 
versa. 

IC2c and associated components con¬ 
dition the ARDY prompt from the 
Microbee’s PIO before feeding it to the 
ASTB input. 

The decimal value at the port input, for 
the four input conditions, is given in Table 


pushbutton input vi 


THE DIFFERENCE BETWEEN THE ‘SCREEN SPOTTER’ AND THOSE ‘BIG BUCK’ LIGHT PENS- 


A light pen is a device that allows a computer 
to locate the position of a sensor placed on 
the face of the computer's video monitor. 
Light pens simplify the entry of data to the 
machine, allowing easy input of graphic 
information, selections of options from a 
menu or entry of moves in games, such as 
chess. 

The performance of light pens is limited by 
the hardware, which boils down to "you gets 
what you pays for". The ETI-649 uses a very 
simple hardware technique which trades off 
speed of response for economy. There are 
basically two types of light pen, the complex 
hardware type and the complex software 
type. The ETI-649 is the latter. 

The complex hardware light pen works by 
incrementing a pair of counters in sympathy 
with the scanning electron beam in the video 
monitor. One counter counts the lines on the 


screen while the other counts the dots 
(pixels) in each line. The line counter is reset 
at the beginning of each frame (vertical 
sync.) y^fiile the dot counter is reset at the 
beginning of each line (horizontal sync.). 

The counters are read by the computer 
when the light pen detects the scanning 
beam. The sensor in this type of pen has to 
be very well made, with extremely fine 
optics, in order to resolve individual dots on 
the screen. 

The video generator chip in the Microbee 
has provision for this type of light pen, but 
the designers of the 'Bee have cleverly used 
this feature to simplify the keyboard scan¬ 
ning circuitry. It would be possible to 
duplicate the light pen hardware and tap into 
the horizontal and vertical sync, signals 
inside the Microbee, but the circuit would be 
tricky to install and the problem of making a 


good sensor would remain. Perhaps some 
enterprising hardware buff will address the 
problem and develop a future ETI-XXX high 
resolution light pen? 

The ETI-649 uses a cheap and common 
phototransistor to sense the light from a 
block on the VDU and relies on the software 
to scan the screen and keep track of the 
location. The biggest drawback is that the 
screen cannot be updated faster than every 
20 ms because of the frame refresh of 
50 Hz. Any attempt to scan faster means the 
video information is written to the video 
generator and then erased before it actually 
has time to output it. Although this seems a 
major drawback, there are techniques in 
programming to reduce the scanning time. 
No doubt readers will devise programs to 
utilise the project in games, etc. 
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Construction 

The unit is quite straightforward to con¬ 
struct. Start with the pc boards. Whether 
you’ve bought them or built your own, 
check the tracks for little ‘bridges’ where 
they run close together, particularly at the 
IC pins, and for tiny cracks. See that all the 
holes are drilled and that they’re the correct 
size. Note that the mounting hole positions 
for the DB15 plug will depend on the brand 
and type purchased. 

Before assembling the head board, use it 
as a template to mark out the hole position 
for the pushbutton key switch in the probe 
case top. Alternatively, you could measure 
its position. Do this carefully and you 
should get the whole assembly to fit 
together quite easily. 

Assemble the components to the head 
board first (ETI-649a). Solder the resistors 
and capacitors in place as a first step, 
making sure you get the electrolytic capaci¬ 
tor, C5, the correct way round. Mount the 
transistor, the two diodes and IC next, 
making sure you get them correctly orien¬ 
tated, too. If you wish, an IC socket may be 
used for iCl. The photo transistor is 
mounted at full lead length so that it may be 
bent over and placed in the original probe 
moulding. Identify its leads carefully and 
cut the base lead short. Last of all, solder 
the pushbutton key switch in place. Check 
it thoroughly when you’ve finished. 

Tackle the interface board next. Install 


the two links first. Note that one is under 
IC2. Solder the resistors and capacitors in 
place next, followed by diode D3, making 
sure you orientate it correctly. An IC socket 
may be used for IC2. Install this or the IC 
next, ensuring it faces the correct way (pin 
1 faces away from the DB15 connector). 
Now mount the DB15 plug, bolting it to the 
pc board before soldering the pins. Check it 
thoroughly when you’ve finished. 

Now solder the connecting cable to the 
two boards. Use a pc stake or piece of tinned 
copper wire for the shield connection. 

The probe tip moulding in the probe case 
should be heavily blackened with a Pentel 
or other marking pen before assembling the 
head unit. See the accompanying photo¬ 
graph. 

Lay the head board in the probe case 
bottom and bend the phototransistor so 
that it lays in the probe tip moulding (see 
photograph). Arrange the cable wires so 
that they won’t foul the assembly and then 
screw the probe case top in place. 

Now you’re ready to go. 

Plug in the interface board and power up 
the Microbee. Use your multimeter to 
check that +5 V is on lead A of the cable 
(measured with respect to 0 V — the 
shield). Enter the demonstration program 
reproduced here and give it a try. 

If the unit doesn’t work, switch off, 
unplug it and look for misplaced compon¬ 
ents, any unsoldered joints or incorrectly 
orientated semiconductors. • 


-PARTS LIST-ETI 649- 

Resistors.all'/ 4 W,5% 

R1, R4, RIO, R11, 

R14.R15.10k 

R2.270R 

R3.R13. . .Ik 

R5, R7, R8, R12 ..100k 

R6, R9 . INI 

Capacitors 

C1,C2 . lOOn ceramic 

'bluechip’ 

C3.Inceramicorgreencap 

C4 . 10On greencap or 

ceramic 

C5 .. .47u/6 V tantalum 

C6.33n greencap or 

ceramic 

C7.220ngreencapor 

ceramic 

Semiconductors 

D1,D2,D3.1N914.1N4148 

ICl . TL072 

IC2.4093B 

Q1.FPT100.BPX25 

Q2 . .BC547 

Miscellaneous 

SW1 . keyswitch(e.g: D.S.E. 

S-1200or similar) 

ETI-649 pc board; case—GSC type CTP1 or 
similar; DB15 plug; “curly cord" (if 
required)—about 1 -1 y 2 metres long, etc. 

Estimated cost:$17-$35 


Kits & Components. Suppliers of kits and compo¬ 
nents for this project can be found on the Shoparound 
page in this issue. 
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General purpose analogue 
and digital interface card 
for the Apple II 

Phillip John McKerrow 

Lecturer in Computing Science 
University of Wollongong, NSW 

Now you can plug in your Apple to the ‘real world’. This card has 
one analogue input and one analogue output plus eight digital 
inputs and eight digital outputs. With it you can do such things as: 
controlling a Tasman Turtle robot (or your own!), automatically 
control a slot car, read a DVM or record the movements of a 
potentiometer connected to a science experiment. 

interface registers are addressed as if they 
are memory locations. Memory load and 
memory store instructions are used to read 
from and write to interface registers; special 
input/output instructions are not required. 

Address decoding for the six internal 
registers is done by the PIA. 

On the peripheral side, the PIA has sixteen 
bi-directional signal lines, which can be 
individually selected as input or output lines, 
and four control lines. The input/output lines 
are split into two 8-bit bytes, known as the 
A-side and the B-side. 

Timing differences between the clock 
signals at the processor and the clock signals 
at the peripheral connector (Figure 1), a 
result of the unusual design of the Apple II, 
will cause data loss and must be compensated 
for. The Apple’s master oscillator generates 
a bi-phase clock signal (C01 and C02 in 
Figures 1 and 2). Phase two of the master 
clock is fed to the processor which produces a 


TABLET SPECIFICATIONS 


Normal setup 

• eight digital outputs, TTL level ; sink 40 mA, source 10 mA. 

• eight digital inputs, TTL level; maximum load 20 uA. 

• one analogue output (8-bit D-A), 0-10 V, 5 mA maximum. 

• one analogue input (8-bit A-D), 0-10 V, 3k minimum impedance.. 

Setup variations 

• digital outputs can be used as inputs. 

• maximum analogue output is variable between -10 V and + 10 V. 

• analogue input range can be changed to -5 V to +5 V. 
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MORE microprocessors are used in real time 
process control than in any other application. 
They are embedded in instruments, motor 
cars, household appliances, machines and 
robots. Process control computers use digital 
and analogue interface circuits to transfer 
program commands to machinery and to 
read signals fed back from transducers. 

Constructing and using this general 
purpose interface card will introduce you to 
the world of real time process control and 
enable your Apple to interface to 'the real 
world’. You can use this interface to connect 
your Apple to computer peripherals, elec¬ 
tronic instruments and science experiments. 
Possible applications include: controlling 
a Turtle robot, automatic control of a slot 
car, driving a printer, reading a digital 
voltmeter, monitoring a weather station or 
recording the output of a potentiometer 
connected to a physics experiment. 

Design 

The card will interface the computer to eight 
digital inputs, eight digital outputs, one 
analogue input, and one analogue output. 
Detailed specifications are given in Table 1. 
The interface circuitry is based on a Motorola 
6821 peripheral interface adaptor (PIA). The 
PIA is designed to connect digital signals to 
a Motorola 6800 microprocessor. The 6502 
microprocessor, used in the Apple, has the 
same external buss structure as the 6800, 
allowing Motorola peripheral chips to be 
used in 6502-based systems. The internal 
architectures of the two microprocessor 
families differ considerably, however. 

Both processor families use memory 
mapped input/output; that is, all peripheral 


second bi-phase clock (P01 and P02) for 
internal processor timing. 

Data is latched into all chips on the falling 
edge of phase two and ten nanoseconds later 
data is removed from the buss. The master 
clock signal (C02), used by the peripheral 
interface circuits, leads the processor clock 
signal (P02) by thirty nanoseconds (Figure 2). 
A direct consequence of this time difference 
is data loss during read cycles because the 
PIA starts to remove data from the buss 
twenty nanoseconds before the processor 
latches. Data written to interface registers is 
not affected. Some of the interface control 
signals have been delayed to minimise this 
time differential. 

Signals from the peripheral connector are 
buffered (Figure 3) in order to minimise the 
resistive and capacitive load placed on the 
peripheral buss by the interface card. The 
A-side digital outputs are buffered to increase 
drive capacity. 











The B-side of the PIA is used for digital 
and analogue input. A control signal selects 
which signal, digital or analogue, is on the 
B-side buss. When analogue input is selected, 
the digital input buffer is disabled and 
analogue-to-digital conversion initiated. 
The analogue-to-digital converter (ADC) 


signals that conversion is complete using a 
second control signal and places the result on 
the B-side buss. The ADC can be changed 
from unipolar (+ve voltages) to bipolar ( + ve 
and -ve voltages) operation by removing 
a link. 

A multiplying digital-to-analogue converter 


(DAC) is used to produce the analogue 
output. The DAC data register is addressed 
independently of the PIA. The magnitude of 
the analogue output is determined by the 
product of the digital value stored in the data 
register and the reference voltage; hence the 
name multiplying DAC. 




Figure 2. Comparison of processor and peripheral connector timing showing 
30 nanosecond mismatch between trailing edge of clock 02 at processor and 
peripheral connector. 
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Tnis should bo road in conjunction with the 
text under ‘Design’. The object is to transfer 
signals to and from the Apple's data buss via 
the peripheral interface adaptor (PIA), a 6821 
— IC4. The PIA is controlled by a set of control 
signals available at the Apple peripheral (or 
slot) connectors. 

Sixteen memory locations are set aside for 
each peripheral connector. A read or write to 
one of these locations will assert device-select; 
this signal is used to enable the address 
decoding circuits on the interface card. 
Device-select (pin 41 of slot connector) is 
delayed by a series of cascaded buffers in IC10 
and IC11 to synchronise it with phase two (02) 
of the processor clock. 

Address buss signal three (AD3, pin 5 of slot 
connector) selects the AD7524 DAC (IC2), and 
de-selects the PIA when asserted. Thus the 
analogue output buffer register is at address 8 
relative to the base address of the card. 
The PIA registers are at addresses 0 — 3, and 
are selected using address buss signals zero 
and one (ADO — ADI, pins 2 and 3 of the slot 
connector), via IC10. 

Peripheral connector signal C01 (pin 38, 
slot) is delayed and inverted by a string of 
cascaded buffers in IC11 to produce a 
synchronised enable signal for the PIA (E, 
pin 25 of IC4). All data latching occurs on the 
trailing edge of the enable signal (phase two). 

The PIA has six internal registers: two 
control registers, two data registers and two 
data direction registers. These registers are 
split into two groups of three: the A-side 
registers and the B-side registers. As 
the operation of the two groups is almost 
identical, only the A-side is discussed. 


-HOW IT WORKS — ETI-654- 

The direction (input or output) of individual 
signal lines is selected by setting the cor¬ 
responding bit in the data direction register 
(DDR). Setting the DDR bit to one enables data 
output and clearing it to zero enables data 
input. Output data is stored in the data register 
and input data is read from the data register. 
The data direction register and the data 
register share the same memory location. The 
register accessed during a read or write is 
determined by the value of bit two in the con¬ 
trol register — a one selects the data register. 
The control register is also used to enable the 
two control lines, CA1 and CA2, and to monitor 
their status. 

The A-side, digital output buffer (IC5) is 
enabled when CA2 (pin 39, IC4) is low. When 
CA2 is high the buffer is tri-stated and 
the A-side can be used for digital input. CA1 
is unused. 

Control line CB2 (pin 19, IC4) is used to 
select the B-side digital inputs by enabling IC7 
when high, or analogue input by disabling IC7 
and requesting analogue-to-digital conversion 
when low. 

The analogue-to-digital converter (IC6, the 
AD570) used successive approximation to 
calculate the digital value. When conversion is 
requested the most significant bit of the inter¬ 
nal digital register is set (value: hex 80) to 
provide the first approximation. This value is 
converted to analogue using an internal DAC 
for comparison with the analogue input. 
The comparator determines whether the DAC 
output is greater or less than the analogue 
input. If the output is less the bit is left on, but if 
it is more the bit is turned off. This process is 
repeated, bit by bit, until all eight binary- 


weighted bits in the internal register have been 
compared. The final value in the register is the 
digital equivalent of the analogue signal within 
plus or minus half of the least significant bit. 

When conversion is complete the ADC out¬ 
puts are enabled onto the B-side buss and CB1 
(pin 18, IC4) is asserted low. The converter can 
be operated either in unipolar mode, by 
connecting pin 15 to 0 volts, or bipolar mode 
by removing the link (link Z). CB2 must be 
raised to reinitialise the chip and to disable 
the outputs before another conversion can be 
requested. 

Data is latched into the 8-bit multiplying 
digital-to-analogue converter (IC2, the AD7524) 
when the chip select line (pin 12) goes high. 
The voltage reference (pin 15) is connected to 
outputs 1 and 2 via an internal binary-weighted 
resistor ladder network. 

If a bit in the data register is set, the respective 
ladder resistor is connected to output 1; if it is 
cleared, the resistor is connected to output 2. 
Thus, the current out of output 1, into a low 
impedance load, is the analogue equivalent of 
the digital value multiplied by the reference 
voltage. This current signal is converted to a 
voltage by the 741 operational amplifier (IC1). 

The table here gives the analogue-to-digital 
and digital-to-analogue conversion values. 


Digital 

Signal 

(hex) 

0 


FF 


Analogue 

Output 

(volts) 


Unipolar 

Analogue 


Analogue 


0 0 

-0.5 Vref +5 
-Vref +10 


0 

+5 
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Construction 

A double-sided, through-hole plated pc board 
has been used for this project, partly to keep 
the size within bounds so that it fits within 
the Apple II case. Hence, unless you have 
access to through-hole plating facilities, you 
will have to purchase a ready-made pc board 
from one of the suppliers listed in the 
Shoparound page. 

Before soldering any components onto the 
circuit board check that it will plug into a 
peripheral-connector base in the Apple. If it is 
oversize, trim the excess width off with a file, 
being careful to maintain alignment between 
edge connector tracks and base pins. Then 
check the board for any shorts between edge 
connector tracks. 

Now you can commence assembly of the 
board. Install link Z first, followed by the 
resistors and diodes. Double check the 
orientation of the diodes before soldering 
them. If you are using IC sockets put these in 
next. If not, put the ICs in. Insert them into 
the board one at a time and solder two 
diagonally-opposite pins. Check the seating of 
the socket/IC and that all pins are through the 
holes before soldering the remaining pins. All 
ICs except the PLA have the same orientation. 
Next, put the two DIP connector bases in and 
finish with the capacitors. The orientation of 
the tantalum capacitors is important. If you 
used IC bases plug the ICs in now. 

Having completed the construction, visually 
check the card for missed solder joints, solder 
bridges (particularly under the DIP con¬ 
nectors), dry joints and incorrectly oriented 
components. Clean excess flux from the 
soldering using a little methylated spirits 
and an old toothbrush. 

Installation and testing 

The card has been designed for automated 
testing using the test cable, shown in the 



Connectors. The A connector pinout has buffered 
digital outputs on pins 1 to 8 and unbuffered digital I/O 
on pins 9 to 16 (all PIA A-side I/O). The B connector 
pinout has buffered digital inputs on pins 1 to 8 (PIA 
B-side) with the analogue input and output, +5 V 
supply and 0 V lines on the other side. The standard' 
Turtle control signals are also shown. 
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drawings, to connect interface outputs to 
interface inputs. Two test programs are 
given; one to test digital input/output and 
one to test analogue input/output. All values 
printed out by the programs are in decimal, 
unless otherwise indicated. The analogue 
test program requires the analogue input 
range and the analogue output range to be 
the same: 0 —10 volts. 

Plug the test cable into the input/output 
connectors and insert the card into peripheral 
slot 2 of the Apple II. The card will work 
in any slot, but the test programs are written 
for slot 2. When facing the keyboard, the 
components go towards the right, and 
the input/output connectors towards the 
keyboard. Never insert or remove the card 
while power is on. 

Switch the Apple power supply on. The 
Apple should come up and display a message 
on the screen. If it doesn’t, turn the power off 
immediately and recheck the board. If it still 
fails to come up, use a logic probe to determine 
which buss signal is pulled permanently 
high or low. 

Once the Apple is up, load and run the 
digital test program. The two LEDs on the 
interface card should flash ten times with 
the Apple’s bell ringing every time the lights 
come on, indicating that the processor can 
address the PIA’s control registers. The 
invisible character in line 535 of the test 
program is the bell character, control G. 
Then, an ascending sequence of numbers will 
be written out, read in and compared. The 
error information can be used to diagnose 
any faults. You may have to convert the 
numbers to binary, by hand, to see what is 
happening. 

Once the digital section has been checked, 
the analogue test program can be run. This 
program writes, reads and displays various 
analogue values. These can be compared 
visually to check digital-to-analogue con¬ 
version accuracy. Expect differences between 
input and output of plus or minus one bit due 
to conversion range and linearity differences. 
The DAC output can be adjusted to the 
desired maximum value by changing the 
reference resistors. No adjustment is 
available for the ADC. It has been factory 
trimmed, so its accuracy must be checked 
with a digital voltmeter. 


Programming 

Programming consists of initialising the PIA 
and transferring data to and from the card. 
PIA-register contents are read using 
memory load instructions, and written using 
memory store instructions. In high level 
languages like BASIC, PEEK and POKE 
functions are used. The address of a register 
is calculated, using the data in Tables 2 and 
3, by adding the register address to the 
interface address. 

Slot H Address 

Number_Decimal 


0 C080 -16256 

1 C090 -16240 

2 C0A0 -16224 

3 C0B0 -16208 

4 COCO -16192 

5 C0D0 -16176 

6 C0E0 -16160 

7 C0F0 -16144 

Table 2. Interface address (A) — address of DRA for 
each slot. 


Address Function 


A+0 Data Register A or DDRA 

A+1 Control Register A 

A+2 Data Register B or DDRB 

A+3 Control Register B 

A+8 Analogue Output 

Table 3. Register address — address of the interface 
registers relative to the interface address (A). 

When the system is powered up, all PIA 
registers are cleared and all input/output 
lines are selected as inputs. Before data can 
be transferred through the interface the PIA 
must be initialised. The steps involved are: 

1. Select the data direction register 
by clearing control register bit 2. 

2. Write data to the data-direction register 
to select the direction of the individual 
signal lines. 

3. Select the data register and enable any 
buffers by writing the desired bit pattern 
to the control register. 

The data register can now be written to 
and read from. Data written to inputs will be 
ignored and data read from outputs will be 
the output value. 


Side 


Function 


Control register 
bit settings 


Select data direction register 
A Select data register 

Enable output buffer 
Disable output buffer 

Select data direction register 
Select data register 

Enable digital input 

B Request A/D conversion 


b2 = 0 
b2 = 1 

b5 = b4 = 1, b3 
b5 = b4 = b3 = ' 


0 


b5 = 
b5 = 


Enable A/D complete interrupt bl = 0, bO = 1 

Disable interrupt bl = bO = 0 


Conversion complete 


b7 goes high, reset by reading 
B-side data register 























PCB pattern is on page 98. 

Details of the effects of control register 
settings are given in Table 4. On the A-side, 
bit 2 selects the data register and bits 3, 4 
and 5 enable the digital-output buffer. On 
the B-side, bits 0 and 1 enable the 'analogue- 
to-digital-conversion-complete’ interrupt, 
bit 2 enables the data register, bits 3,4 and 5 
select analogue or digital input and bit 7 
indicates 'conversion complete’. 

Programming digital 
input/output 

The A-side is set up as digital output lines by 
writing decimal 226 to the data-direction 
register and setting bits 2, 4 and 5 of the 
control register. 

10 REM Initialise A-Side as digital Outputs 
20 POKE A+1.0 select DDR 
30 POKE A.225 Select lines as outputs 

40 POKE A+1,52 Select DR and Enable Buffer 

50 REM Ready for data transfer 
60 POKE A.Data Data 0..255 decimal 
Alternatively the A-side can be set up as 
8 digital inputs by writing 0 to the data- 
direction register, and setting bits 2, 3, 4 
and 5 of the control register. The code for 
initialising the B-side as digital inputs is the 
same, except the addresses are incremented 
by two. 

10 REM initialise B-side as digital Inputs. 

20 POKE A+3.0 Select DDR 

30 POKE A+2.0 Select lines as inputs 

40 POKE A+3.60 Select DR and Enable Buffer 

50 REM Ready for data transfer 

60 DATA = PEEK (A+2) Data 0..255 decimal 


Programming analogue 
input/output 

Analogue outputs are simple; just write to 
the digital-to-analogue converter. 

10 POKE A+8.DATA data 0..255 decimal 

Analogue inputs are more complex because 
you first have to request a conversion, which 
also disables digital inputs, and then wait for 
the conversion to complete. Conversion is 




requested by setting bits 4 and 5 and clearing 
bit 3 of the B-side control register. When the 
conversion is complete, bit 7 of the control 
register is set to a one and an interrupt is 
generated, if interrupts are enabled. The data 
can be read from the B-side data register. This 
action also clears bit 7 of the control register. 
Conversion request must be removed and 
reapplied to request a second conversion. The 
program below loops on status, with interrupts 
disabled, until conversion is complete. Very 
little time can be gained by using interrupts 
because the analogue-to-digital conversion 
only takes 25 microseconds. 

10 REM Initialise B-side for digital Input 
20 REM Request A to 0 conversion 
30 POKE A+3.52 Request conversion 

40 X = PEEK (A+3) Read status 
50 IF X < 128 then 40 Test for complete 
60 REM Conversion complete 
70 Input = PEEK (A+2) Read data, clear status 
80 POKE A+3.60 Recycle converter. 

enable digital inputs 

Pascal 

The card can be programmed from Pascal 
using the assembler function PEEK and 
procedure POKE. These two routines are 
compiled and linked to the Pascal-code file to 
form the executable program. The simple 
Pascal program reproduced in the panel over 
the page, which can be used to examine 
and modify memory, illustrates their 
use. From the viewpoint of the Pascal 
programmer PEEK and POKE behave like 
any other function or procedure. 
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That’s what they’re saying about 

“ELECTRONIC 

PROJECTS 
FOR YOUNG 

SCIENTISTS” 

One of the latest in the ETI Collection 
of practical, exciting project books. 
‘Electronic Projects for Young Scien¬ 
tists’ contains a collection of science- 
oriented projects and articles pub¬ 
lished over the years in the pages of 
ETI Magazine. 

PLEASE NOTE: Anybody under the age of 120 having 
an active interest in things scientific is defined as 
a ‘young scientist’. 


ON SALE NOW 

at your local newsagents and selected electronic suppliers, 
or you can purchase a copy by mail order direct from 
ETI Book Sales, Federal Publishing, 140 Joynton Ave, 
Waterloo NSW 2017 
for $3.95 plus $1 for post and handling. 



Applications 


Possible applications of this card vary from 
controlling models to monitoring scientific 
experiments, as mentioned in the intro¬ 
duction. The following examples illustrate 
some of the ways the interface can be used. 

A number of people use this interface card 
to control the Tasman Turtle Robot (see ETI 
project 645, April, May, June 1982). It was 
originally designed for use with the Terrapin 
turtle robot, which has the same interface 
signals. These robots require eight digital 
outputs to operate motors, lights, pen and 
horn, and four digital inputs from the touch 
sensors. 

Other digital applications include: reading 
bar codes with a Hewlett-Packard bar code 
reader (HEDS 3000), driving a printer 
and reading a digital voltmeter. Heathkit 
sell a microcomputer-based weather station 
(kit ID 4001), which can be interfaced to 
a computer so that weather data can be 
collected and analysed (Warburton Franki 
handle Heathkit equipment in Australia). 

The apparatus used in a physics experi¬ 
ment, designed to illustrate Newtons’ second 
law, is shown in Figure 4. When the trolley is 
released, it accelerates along the table until 
it comes to rest against the buffer. The mass 
suspended from the pulley provides the 
accelerating force. A ten-turn potentiometer, 
connected to the pulley, produces an electrical 
voltage proportional to the distance the 
trolley is from the buffer. The signal is 
read with the analogue input and used to 
calculate trolley position, velocity and 
acceleration. 

A very interesting application is the 
control of a slot car. Photodetectors (or 
in some cases, magnetic reed switches), con¬ 
nected to the digital input/o.utput in a switch 
matrix configuration, can be used to detect 
which section of track the car is currently 
on. The analogue output can be used as a 
reference signal to an electronic speed 
controller (see ETI project 825, December 
1981). The speed’of a manually driven car is 
measured with the analogue input, recorded 
for each section of track and stored in a 
look-up table. When the car is under computer 
control the computer retrieves the speed for 
the section of track the car is on and uses it as 
a speed reference. 

Further reading 

1. Analogue Devices , Data-Acquisition 
Components and Subsystems Catalogue, 
1980. 

2. Apple II, Hobby I prototyping 
board-product Specification. 

3. ETI project 645, Allan Branch, 

Tasman Turtle, April 1982 
(and subsequent issues). 

4. ETI project 825, Jonathan Scott, 

Slot Car Controller, December 1982. 

5. McKerrow P.J., Controlling a 'Turtle 
with an 'Apple’, ACS National 
Microcomputer Conference, Canberra, 
July 1980, pages 18.1 —18.11. 

6. McKerrow P.J., Micro-computers, Slot 
cars and Education, IEEE Micro, 
February 1983. 

7. Motorola, Micro-processors Data 

Manual, 1981. • 
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Radioteletype-computer 

decoder 


This simple project allows you to hook up your MicroBee to a 
receiver and print radioteletype messages on the VDU screen. A 
simple bit of software does the decoding. The project can also be 

adapted for use on other Z80-based systems. Tom Moffat VK7TM 


IF YOU OWN a MicroBee, or other Z80-based 
computer, you can now set up your own tele¬ 
type listening post. But you can forget the old 
bucket of bolts teleprinter, the computer now 
serves that purpose. 

Besides the computer itself, you’ll need to 
write in the ’Bees parallel input port, build 
the new ETI-733 RTTY decoder and have a 
decent HF receiver capable of copying single 
sideband signals. 

You may remember, back in August 1979, 
a project called the ETI-730 Radioteletype 
Converter. That design worked well then 
and it works well now. It’s still quite current 
and it appears that hundreds of them have 
been built around Australia. This new 
design is meant to complement the ETI-730. 
Under rough reception conditions, the ’730 
will win every time, but under reasonable 
signal conditions the ETI-733 comes out 
ahead in ease of operation, speed range and 
general usefulness. Perhaps a head-to-head 
comparison is in order; see Table 1. 

The performance differences are due to 
completely different design concepts. The 
purpose of a decoder is to turn a varying 
audio tone into a dc voltage proportional to 
the incoming tone frequency. In the case of 
radioteletype there are only two frequencies 
representing two dc levels . . . 'mark’ and 
’space’. The tones are separated by an amount 
known as the 'shift’ (see the accompanying 
panel). 

The ETI-730 uses filters to recover the two 
tones from whatever other rubbish may be 
coming out of the receiver. It compares the 
level of the tones and whichever one is 
stronger gets the nod from the logic circuitry. 
There is another filter in the logic area that 
discourages transitions faster than 50 per 
second. The effect of all this is to allow the 
copy of signals that are sometimes even too 
weak to hear. 


Ease of Construction 
Cost 

Ease of Operation 
Weak Signal Performance 
Witfi Interfering Signal 
High Data Speeds 
Decode Analogue Signals 


ETI-730 ETI-733 

Moderate Easy 
Moderate Cheap 
Fiddly Easy 

Good Fair 

Good Poor 

Poor Good 

No Yes 


Gasp! ... a PLL! 

The ETI-733 is based on a phase-locked loop. 
This will bring screams of anguish from 
RTTY purists. They’ll tell you phase-locked 
loops are no damn good on HF signals and 
only marginally useful on VHF. I must 
admit I experimented with an NE565 PLL 
chip during the design of the ETI-730 con¬ 
verter and I found results were hopeless. But 
now, some three years later, from the depths 
of a CMOS logic data book, comes the 4046 
Micropower Phase-locked. Loop, and it goes 
like a ripper. Why this one should work when 
the 565 didn’t, I can’t explain, but work it 
certainly does. 

You’ve probably heard of PLLs as part of 
frequency synthesisers. When the cost of 
crystals shot out of sight, PLLs became a 
necessity in multi-channel transceivers. The 
basic PLL has a voltage controlled oscillator 
and a phase comparator. The signal to be 
decoded is fed into the phase comparator 
along with the output of the VCO. The com¬ 
parator generates an error voltage that’s fed 
back to the VCO (that’s the loop part). The' 
VCO then adjusts its frequency to match 
that of the incoming signal. So the VCO 
output is a cleaned-up carbon copy of the 
signal from the receiver and the error 
voltage is our recovered data signal. 

When everything is hanging on and the 
VCO is following the input signal, the PLL is 


said to be 'in lock’. If the incoming signal is 
too high or too low in frequency, beyond the 
range where the VCO can be pushed to match 
it, the whole procedure falls apart and the 
PLL 'loses lock’. 

One of the advantages of the PLL system is 
that you can put a low pass filter in the line 
between the phase comparator and the VCO 
which effectively averages out higher 
frequency noise on the incoming signal, 
allowing the loop to remain in lock. A dis¬ 
advantage is that it will always lock onto the 
strongest signal within its locking range, 
even if it’s not the signal you’re trying 
to receive. 

The 4046 chip has a few extra goodies. One 
is a second phase comparator working on a 
complicated 'digital’ principle. There’s also a 
source-follower to buffer the loop signal for 
output, and even an on-chip zener diode for 
power supply regulation. In this design we’ve 
ignored the zener diode and the digital phase 
comparator. The latter was thoroughly tested 
but the 'normal’ phase comparator worked 
better in this application. 

Overall design 

Circuit constants were found strictly by the 
eclectic empiricist method (i.e: trial and 
error!). After starting with the data book’s 
suggested values, a tape of rather scruffy 
off-air RTTY signals was played into the 



Table 1. Comparing the 730 and 733. 
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Your ‘glass teletype’ terminal. Add a general coverage receiver, the 733 decoder and a MicroBee (or similar Z80 system)! 


PLL and the results sent to the mechanical ■ 
teleprinter. A count of errors was made, a 
circuit constant changed, and then the same 
bit of tape was played again to see if the 
errors got worse or better. 

It was a slow business but I managed to 
zero in on what appears to be the best per¬ 
forming circuit. 

The lock range is from 1400 to 3400 Hz, in 
the higher part of the receiver’s audio pass- 
band, and the loop filter constants are such 
that signals beyond 300 baud can be recovered. 

As well as the PLL chip, the ETI-733 
decoder uses an LM324 quad op-amp for 
input and output conditioning. One section 
raises the audio level from the 'recorder’ 
output of the receiver to a level more suitable 
for the PLL. 

The PLL output goes to two inputs of 
another op-amp used as a comparator. One 
input gets the PLL signal, lightly filtered. 
The other also gets the PLL signal, but this 
time via a very long time constant filter to 
produce an average of the PLL swings. This 
line is buffered by an op-amp, which also 
drives a tuning meter. 

The arrangement causes the comparator 
to make a firm decision as to whether a mark 
or a space is being received, while allowing 
the signal to drift all around within the 
PLL’s lock range. Shift selection is no longer 
required . . . anything that crosses the 
comparator threshold is considered valid, 
and signals down to 170 Hz shift work nicely. 

Since the PLL lock range is 2000 Hz, a lot 
of receiver drift is tolerable before copy 
is lost. 

There is one disadvantage with this 
averaging system . . . teletype signals sent 
slowly, by hand, will be hard to copy. This is 
because the signal is spending most of its 
time on 'mark’ and the comparator will drift 
toward mark, losing its centre reference. 
But that’s of little worry, most interesting 
signals are sent by machine anyway. 

Another op-amp enables a feature that 
has been examined by oscilloscope, but not 
properly tried yet... an analogue output. 
The PLL can track anything, not just two 
discrete audio tones. This opens the door 
for signals using frequency modulation, such 
as satellite pictures, weather maps, any 
facsimile-type signals — and these abound 
on the HF bands. 

When one of these is being received an 
oscilloscope shows a nice video signal from 


the analogue output. A signal restricted to 
peak black and peak white appears on the 
digital output. A bit of playing around with 
a computer should result in a method of 
displaying analogue material on the screen. 
That’s certainly one to work on. 

Once the digital signal is available at the 
decoder’s output, you can send it one of two 


places: to a teleprinter, or to a computer. For 
the teletype option you can pinch the loop 
, driver circuit from the ETI-730 article. 

(See ETI, August ’79, page 43. Delete the 
two resistors, R29 and R30, and LED1 from 
the emitter circuit of Q2 and take the emitter 
directly to earth. Feed the PLL decoder 
output to the base of Q2 via R27.) 
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Software 

The program that follows was written for the 
MicroBee, but since it’s in machine code it 
should work on just about any Z80-based 
machine with only minor modifications to 
some addresses. Here’s how it works: 

The aforementioned in/out port is first set 
up in what’s called the 'control’ mode . . . you 
specify some bits as inputs and others as 
outputs, and no 'handshaking’ signals are 
required. In this case I’ve called all the bits 
inputs, although only bit 0 is used to bring in 
the teletype signals decoded by the ETI-733. 

A teletype signal is made up of a start 
pulse, five data pulses, and an extra-long 
stop pulse (start and stop refer to shaft 
rotation that takes place in a mechanical 
teleprinter). Refer to Figure 1, below. A 
pulse, in the case of 50 bauds, is 20 ms long. 

The program first looks for a start pulse 
which unleashes the following series of 
events: Bit 3 of an 8-bit register (register C in 
I the Z80) is set high. Thirty milliseconds later 
the transmitting teletype should be in the 
centre of its first data pulse . . . this is 
read and pushed into the right end of the 
C register. Everything already in C is shoved 
to the left to make room. Twenty milliseconds 
later comes the next data pulse, this is loaded 
|into C and everything else shifts along. After 
five data pulses the bit originally set in C 
(falls out the left hand end, telling the pro¬ 
gram that a character is finished. Register C 
pow contains, in its first five bits, a binary 
pumber between 0 and 31. 


Lrum 



Figure 1. How the teletype signal is made up. For 
45.45 baud speed standard, the first five pulses are 
22 ms long, followed by a 31 ms ‘stop’ pulse giving 
163 ms per character, while a 50 baud system uses 
2p ms pulses with a 30 ms 'stop' pulse, giving 130 ms 
per character. 

In the next part of the program the char¬ 
acter in C is inspected to see if it’s a figures or 
letters shift. If so, a flag (register E), is set 
accordingly. Now register pair HL is set to 
point to a table of ASCII characters. The 
number in C is doubled and then added to 
H)L, making HL point to a pair of table 
eptries. Which entry of the pair gets selected 
depends on flag E which, if zero, gets even 
numbered entries (letters characters!. If E is 
ope, HL selects odd numbered entries (figures 
apd punctuations!. 

The ASCII character eventually selected 
is loaded into register B and then sent off 
to the MicroBee’s VDU routine, where it’s 
displayed on the screen. The program then 
goes back to looking for another start pulse 
lor the next character. 

Ijf your MicroBee is a BASIC-only version, 
getting the program into it could be a problem. 
Although there are only 139 bytes in the 
program, they can only be entered in 
memory by poke’ statements, but then 
there’s no easy way to save the program on 
tape. If you want to try it anyhow, first 



convert the hexadecimal values in the code’ 
column, eight bits at a time, to decimal. Then 
poke them into the hex addresses in the 
ADDR’ column. 

Then again, you could take the easy way 
out. For the sum of 12 miserable dollars, sent 
to the author, you will receive a postpaid 
cassette tape which can be loaded into your 
MicroBee with the usual 'load’ command. 

This tape contains an extended 'bells and 
whistles’ version of the RTTY program, with 
such goodies as baud rates from 45.45 to 300, 
selectable while the program is running, 
selectable page or tape display mode, and 
signal inversion at the touch of a key. 

Construction 

All the 'electronic’ bits go on a pc board 
measuring about 120 mm by 60 mm. Only 
the tuning meter and input/output connectors 
are mounted separately. As a concession to 
the 'RF purists’ I used a double-sided pc 
board with a groundplane on the component 
side of the board. As we’re dealing only with 
audio signals here, you can ignore the 
groundplane if you so wish. As for sockets for 
the two ICs — please yourself, they have no 


effect on circuit operation. 

Assembly of the pc board is straight¬ 
forward. Probably the easiest way to tackle it 
is to solder the resistors in place first, 
followed by the capacitors. Watch the 
orientation of the 1 uF tantalum, C5. Install 
ICl and then IC2. Note that the latter is a 
CMOS type and the usual static and solder¬ 
ing precautions should be taken. Note that 
there is one link on the board — near one end 
ofIC2. 

Finally, attach the wires that go to the 
meter and input/output terminals. If using a 
double-sided pc board, some components are 
soldered on the top and bottom side of the 
board — denoted by a • on the overlay. 

You can mount the decoder in a box if you 
wish; any suitably-sized jiffy box will do 
nicely. The meter and input/output terminals 
can be mounted on the box’s lid. Nothing’s 
critical, so exact construction details are left 
up to you as individual requirements will 
undoubtedly vary a great deal. 

Hooking it up 

Figure 2 shows the general idea of how the 
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Figure 2. The hookup. Audio output from the receiver can be taken from across the speaker, a headphones 
output, a recorder output or other suitable auxiliary audio output. 
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decoder fits in the system. The audio output 
from the receiver can be taken directly 
across the speaker, from any auxiliary audio 
output or a headphones output. Less than 
one volt of audio will provide adequate drive 
to the decoder. 

To use a MicroBee computer you’ll first 
have to arrange a parallel input/output port. 
If this was not supplied with your computer, 
you’ll have to install it yourself. All that’s 
required is the 15-pin ('DB15S’) socket which 
you can buy from your local electronics store 
and wire it in yourself (very carefully). While 
it wires straight in, note that bit 0 of the port 


comes out on pin 13, not pin 11, as the pc 
board overlay or kit construction manual 
indicates. The output of the ETI-733 decoder 
connects to bit 0 and it gets power supply 
from the computer via pin 8 of the port 
connector. 

All you need now is some means of convert¬ 
ing the decoder output to characters on the 
VDU screen. That’s where we need a little 
software. 

For other Z80-based computers, we’ll have 
to leave the details to you as individual 
systems vary. Have a close look at your 
system’s technical manual. 


SOFTWARE■ 



CD0C80 


LABEL MNEM OPERAND 


iRTTY RECEPTION PROGRAM FOR 50 BAUDS 
; < SHORT VERSION) by Tom Moffat 


DEFR 1 6 ;ASSUME HEX NUMBERS 




00550 DELAY2 CALL DELAY1 



On the air 

To test your new decoder, here are some 
frequencies to try: 

11 030 kHz AXM, coded weather info, 50 bauds 

13 779 kHz Voice of America News, 75 bauds 

14 700 kHz Christchurch to McMurdo, 75 bauds 

16 100 kHz Chinese News Agency, 50 bauds 
With the receiver set for the upper sideband 
mode, tune for centre reading on the decoder 
meter. If the signal is garbled, try it on 
the other sideband. An off-centre meter read¬ 
ing under no-signal conditions is normal. 
Happy spying. • 
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with your Microbee 
using our “picture plucker” 
facsimile decoder 

Be the first on your block to have your own weather maps! This 
project allows you to decode the signals of shortwave stations 
transmitting ‘radio facsimile’ weather maps and satellite pictures 
and then reproduce them on your dot-matrix printer. 


MAY 29,1983, was the day the drought well 
and truly broke in Tasmania. The rain 
poured down from dawn till dusk. The roof 
leaked and the lawns became mudholes. 
The farmers rejoiced and everyone else 
grizzled about their ruined weekend. If 
they’d had some weather charts they could 
have grizzled with more authority ... the 
charts told the whole story in graphic 
detail! 

The accompanying series of charts was 
received on an ordinary home-style short¬ 
wave receiver, a Drake SSR-1 to be exact. 
The audio was processed by a phase-locked 
loop decoder and a Microbee computer into 
graphics print data which was fed to a 
C-ITOH 8510 printer. 


Tom Moffat VK7TM 

39 Pillinger Drive, FernTree, Tasmania 7101 

The transmission process is called 
‘fascimile’, which we’ll call ‘fax’ for short. 
Now I’ve spelled that once, I won’t do it any 
more times. Let’s call it fax, like the 
cogniscenti do. 

As far as I know this is the first time the 
world of fax has been opened to the 
electronics-computing enthusiast. The 
secret, of course, is the computer. 

Traditional fax methods are mostly 
mechanical, and to home-brew a decent fax 
machine would require access to a lathe and 
a lot of time and trouble. They appear to be 
non-existent on the disposals market. The 
mechanical fax systems now in use are so 
well made they seem to last forever. Maybe, 
when more electronic systems appear ... 


but we’re getting ahead of ourselves. Before 
we go much further we’d better get down to 
the bare fax. 

Facsimile explained 

The object is to send pictures over a 
distance. Written data can be transmitted 
by teletype, but for pictures, or written data 
in one’s own handwriting (such as signa¬ 
tures), fax is the only way to go. Fax is really 
veeerry sloooww television. If the data rate 
is slow enough you can squeeze an ex¬ 
tremely sharp and detailed picture through 
the restricted bandwidth of a telephone 
line, or a radio transmitter. Television 
delivers a complete picture in l/25th of a 
second. Fax can take more than 20 minutes 
for one picture. 

Both television and fax work on a system 
of scanning lines; only the speed of the 
scanning and the density of the lines is 
different. Television, with its wide 
bandwith of 5 MHz or so, is restricted to 
the line-of-sight coverage of VHF. But 
since narrowband fax can be transmitted on 
HF, the range is world-wide, and it makes 
for some interesting viewing. 

The traditional method of fax trans¬ 
mission is shown in a much simplified form 
in Figure 1. The system consists of two 
metal drums, one at the transmitter and the 
other at the receiving end. The two drums 
are rotating at (hopefully) the same speed. 
Near the top of the transmitting drum is a 
lamp illuminating the whole surface. 

Above the drum is a ‘telescope’, a system 
of lenses, feeding into a light dependent 
resistor (LDR). The light falling on the 
LDR is only that from the image of the 
tiniest pinprick portion of the drum, 
directly at the focal point of the telescope. 
The whole telescope is connected to a 
leadscrew arrangement that moves it slowly 
along the length of the drum. 
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The receiver has a similar telescope over 
its drum, although there is a lamp in place 
of the LDR. The receiver lamp is connected 
via a pair of wires to the transmitter LDR, 
via a battery to power the lamp. 

To the transmitter drum we will attach a 
piece of paper with some wavy lines drawn 
on it which is held in place with a piece of 
black electrician’s tape. To the receiver 
drum we will attach a sheet of photographic 
printing paper (first turning out the light). 

Now we can start the drums rotating in 
unison. As the telescope at the sending end 
‘sees’ the white paper, the LDR will pass 
maximum current from the battery via the 
pair of wires to the lamp at the receiving 
end. The lamp, through its lenses, will 
expose at any instant a tiny portion of the 
photographic paper. 

When the first of the wavy lines appears 
under the sending telescope, its black colour 
will cause less light to fall on the LDR, less 
current will pass, less light will fall on the 
photographic paper, and the image will be 
reproduced. 

As the process continues, lines of white¬ 
ness or blackness will begin to build up on 
the paper, a new line for each rotation of the 
drum. If the drum turns 1000 times, there 
will be 1000 lines, quite a high resolution 
picture, which is better than the television’s 
625 lines. (Purists will note that since 
photographic paper is negative-working, 
the resulting picture will have its blacks and 
whites reversed. But it illustrates how the 
system works.) Also note that the image of 


the black electrical tape will be reproduced. 
This is important, as we’ll see shortly. 

Now that we are instant experts on the 
basic fax system, we can see the problems it 
generates. If the drums aren’t running at 
exactly the same speed, the picture will 
slant one way or the other, like on a TV set 
with misadjusted horizontal hold control. 

If the drums don’t start rotating from 
exactly the same angular position, the left 
of the picture will be on the right and the 
right will be on the left and the edge will be 
in the middle. What a muddle! 

If the transmitter sends 1000 lines and 
your receiver needs 1500 lines to cover the 
paper, your image will be squashed into the 
upper 2/3 and the lower 1/3 will remain 
unexposed. 


Let’s tackle the problems one by one, 
beginning with the matter of getting the 
transmitter and receiver to start together. 
Most fax systems transmit what are called 
phasing pulses', bursts of white against a 
black background, before the actual picture 
begins. 

One pulse is sent for each line, and the 
end of the pulse, the white to black 
transition, says, ‘the next line starts here!’. 
At the receiving end the machine adjusts its 
motor speed faster or slower until the edge 
of its paper coincides with the finish of each 
phasing pulse. Normally about 30 seconds 
of phasing pulses are provided, and if the 
receiver doesn’t ‘lock up’ in that time the 
picture is going to be a mess. 
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Now to the problem of keeping both 
drums going at the same speed, once 
phasing has been achieved. There are 
several ways of going about this, and they’re 
all currently in use. 

The simplest method of ‘sync’ is to use 
synchronous motors at each end. This 
method is common in simpler fax machines 
for use on ’phone lines. It assumes that both 
transmitter and receiver are running from 
the same power grid, so their mains supplies 
are synchronised. 

A more elegant way of going about it 
involves driving both the transmit and 
receive motors from power supplies derived 
from crystal oscillators. If the oscillators are 
stable to within 0.001% good fax pictures 
will result, and there’s no dependence on 
mains frequencies. So reception is possible 
aboard a ship, for instance. This is 
currently the most common sync method. 

A third and slightly older system involves 
the transmission of sync pulses at the start 
Of each line, just like in television. The 
receiving motor is set to run slightly fast 
and when it reaches the end of a scan line 
it slows or stops until told to go ahead by a 
sync pulse. Sync pulses show up as a black 
line down the left hand side of a picture (or 
the right side if it’s been sent upside down). 

The faithful reproduction of shape is 
determined by the system’s index of co¬ 
operation. This is the product of the length 
of a line measured in some unit and the 
number of lines per the same unit. Confus¬ 
ing? Yup. 

Let’s try again. Assume that our trans¬ 
mitter drum can take a picture 38.4 cm 
wide. Assume that it sends 15 scan lines for 
each vertical centimetre of picture. The 
system’s ‘index of co-operation’ is 15 X 
38.4 = 576. 

Now assume that our receiving system is 
only 18 cm wide (which just happens to be 
the width of our computer graphics 
printout). If we still went for 15 lines per cm 
the resulting picture would be very tall and 
narrow. To stay with the transmitter’s 
index of co-operation of 476, our line 
density must be 576/18 or 32 lines per cm. 
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If this is so, a circle from the transmitter 
will look like a circle on the receiver. For 
various reasons the computer receiver index 
of co-operation isn’t exactly 576, and the 
resulting circles are slightly ‘tali’. 

One fact that emerged from researching 
this article is that there is no single 
standard for fax transmission. Scan speeds 
can range from 68 lines per minute (one a 
second) to 360 1pm. Scan densities can be 
just about anything. 

Radio fax can be sent as AM where the 
amplitude of the carrier varies with the 
picture, or as FM where the frequency 
varies. A picture may run for seven or 10 or 
20 minutes and it seems some stations 
transmit non-stop strips of picture and 
never any phasing pulses. Pictures may be 
black and white only (binary), or they may 
contain many shades of grey (analogue). 

From observations on the shortwave 
bands, certain systems seem popular. Every 
one I’ve got printable pictures from seems 
to use an index of co-operation of 576, 
which certainly makes life easier. About 
80% scan at 1201pm, about 18% use 60 1pm 
and the remaining 2% use some weirdo 
system. All seem to use FM with white as 
the higher frequency, and most seem to 
shift their carriers about 800 Hz between 
white and black. 

So, the computer system described here 
is set up for the most likely signals: I.O.C. 
of 576 (or thereabouts), 120 1pm, ‘sync 
pulse’ synchronisation, FM with shift in 
the 800 Hz region, and a picture time of 
nine minutes which is plenty of time to 
receive a ‘right-way-around’ picture from 
station AXM. 


Station AXM 

AXM was the inspiration for this whole 
project. You’ve possibly heard mention of 
AXM regarding radio-teletype (ETI, April 
1983) which it generally transmits during 
the first half of every hour. For the rest of 
the time it sends fax. 

I first encountered AXM fax during a trip 
to the Antartic last summer aboard the 


-HOW IT WORKS — ETI-736- 

There are two basic parts to the project: the 
decoder itself, and the pitchpipe tuning aid. A 
shortwave receiver, set to receive the upper 
sideband mode, is tuned to a station transmit¬ 
ting radio facsimile (see main text). The 
pitchpipe is used to tune the receiver so that 
the ‘high’ tone is around 2300 Hz. The receiver 
output is then recorded on tape. The tape is 
played back and the decoder inserted between 
the tape recorder's output and the Microbee's 
8-bit port. The computer does the rest. 

The decoder is built around a 4046 CMOS 
phase-locked loop 1C. The incoming audio 
consists of two tones 800 Hz apart. These 
tones are around 2300 Hz (high) and 1500 Hz 
(low). They are applied to the PCI phase com¬ 
parator input of IC1. The output goes via a low 
pass filter to the voltage-controlled oscillator 
(VCO) control input (pin 9). The VCO output 
goes to the other PCI input so that the incom¬ 
ing frequency and the VCO frequency are com¬ 
pared. The ‘lock’ range is determined by R2 
and R3. The VCO’s free-running frequency is 
‘pulled’ according to the incoming high and 
low tones. 

The ‘error’ signal generated at the output of 
PCI is buffered (after conditioning by the low- 
pass filter R4-C3) and appears at pin 10. The 
buffer output at pin 10 is passed to a voltage 
comparator, IC2, which generates high and 
low pulses for the input port at pin 13 of the 
DB15 connector (DATA OUT). Resistors R7-R8 
set the non-inverting input of the comparator, 
IC2, to about 1.8 V. C4-C5 are bypasses. 

Supply for the decoder is derived from the 
Microbee’s 8-bit port. Note that the ARDY and 
ASTB signals are tied at the connector (pins 7 
and 15). 

The pitchpipe circuit consists of a 555 con¬ 
nected as an astable multivibrator. The oscilla¬ 
tion frequency of IC3 is determined by R12- 
R13 and C8. R11-C6 form a low-pass filter so 
that a relatively ’pure’ tone is issued from the 
loudspeaker. The output level is low, but then > 
you don't need watts of power to do the job. 


Nella Dan. In the ship’s chart-room is a 
large Japanese-made fax machine that uses 
a flat bed recorder instead of a rotating 
drum. Two or three times a day an officer 
would press a few buttons and the machine 
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would emit from its top a large weather map 
which was then posted on the wall. As well 
as serving in more traditional roles, these 
weather maps would allow the ship’s 
company to estimate how seasick they were 
going to be the next day. 

The fax decoder 

To be the first in your block to have ‘fax-in- 
the-home’ you’re going to need a few items 
of equipment: 

1. A singlesideband shortwave receiver. 

2. A good quality cassette recorder. 

3. An ETI-736 Fax Decoder and 
Pitchpipe circuit. 

4. A 32K Microbee computer. 

5. A C-ITOH 8510 printer (or Epson 

MX-80). 

6. Lots of patience. 

I won’t launch into a long technical 
description of the Fax Decoder here. It’s a 
good old phase-locked loop, very similar to 
the ETl-733 Radio Teletype to Computer 
Decoder (page 42). This new circuit has 
been optimised for fax data rates and 
frequency shifts (both very large) and it is 
working its poor little guts out just to stay 
in lock. 

Considering what is being asked of its the 
decoder works very well and it can recover 
lockable pictures even in the presence of 
noise or multipath distortion. With the 
comparator circuit, the decoder will even 
decode analogue pictures and turn them 
into binary along the way, just right for 
feeding to the Microbee. 

The ETI-736 Fax Decoder is made up of 
two independent circuits, the Fax Decoder 
and the Pitchpipe tuning aid. If your 
receiver is in one room and the computer 
set-up in another, you can separate the two 
circuits with a hacksaw so the Pitchpipe 
stays with the receiver. 

The software for the Microbee is one of 
those big bit-shuffling programs that’s a 
natural for machine code. It provides for 
the collection and storage of precisely 
637 200 bits of fax information. That is 
1080 lines with 590 dots per line. Actually 
we compress three adjacent fax lines into 
one, with each vertical group of three dots 
logically ORed together. 

So, after compression 212 400 bits are 
stored in 26 550 bytes. They make up 360 
lines for the printer. Before a picture starts 
the program locks onto any one phasing 
pulse and shows the remainder as a 
continuous black bar. So it’s best to wait till 
they’re nearly finished before running the 
program. During the run, the program waits 
for a black sync pulse before it inputs the 
next fax line. 

The printer, running in the graphics 
mode, uses its eight dot-matrix print wires 
to ‘paint’ eight lines of fax (24 before 
compression) onto the paper in one sweep 
of the print head. A smaller than normal 
line feed is given so each sweep just touches 
the one above it. In a byte sent to the 
printer under the graphics mode, each bit 
controls the action of one of the print wires. 

With 590 dots per line, the software must 
first do 590 bit zeroes, then 590 bit ones, 
etc, until all eight bits in each byte are set 
high or low as required. 


With a serial printer you cannot send the 
material out while it is being brought in, so 
the computer has to store the entire picture 
until it’s finished. Then it releases the 
whole lot to the printer, 590 bytes at a time. 

Between each sweep of the print head the 
printer comes out of graphics mode for a 
carriage return, a line feed and a new 
command back into the graphics mode. 

The DATA items near the end of the 
program are, the commands needed to make 
the C-ITOH printer do its tricks. The 
Epson MX-80 uses the same general 
principle in its graphics mode, so substitut¬ 
ing its control codes in the DATA area 
should make it work the same as the 
C-ITOH. 

If you’d like a ready-to-run cassette of the 
software (set up for the ITOH printer), send 
the usual $12 to the author for a speedy post¬ 
paid return. If there’s a demand I might even 
be able to cook up an Epson version. 

Construction 

This project is very simple to assemble. 
First thing to do, no matter whether you’ve 
made your Own pc board(s) or bought a kit, 
is to check the board(s) to see that there are 
no broken tracks, copper bridges (especially 
between IC pins) and that all holes are 
correctly drilled. Separate the Pitchpipe 
board from the Decoder board before 
assembling the components. 

Start construction by installing the 
resistors and capacitors on the Decoder 
board. Then install the link at the end of 
the 4046. Last of all, install the two ICs, 
making sure you get them the right way 
round. Now wire the DB15 plug to the 
board, not forgetting to link pins 7 and 15. 

Now tackle the Pitchpipe board. Solder 
the resistors and capacitors in place first, 
making sure you put the electrolytic in the 
correct way. Then solder the 555 in place, 
taking care to orientate it correctly, also. 
Finish by wiring in the pushbutton, speaker 
and battery clip. 



PARTS LIST — ETI 736 

Resistors. 

....alllWV, 5% unless 


noted 

R1. 

....Ik 

R2. 

...,39k 

R3. 

...,68k 

R4. 

....100R 

R5. 

...,56k 

R6. 

...,100k 

R7.10.13. 

...47k 

R8. 

...,27k 

R9.. 

,...5k6 

R11. 

....330R 

R12. 

,...4k7 

Capacitors 


Cl ,3,5,7. 

...lOngreencap 

C2. 

...,22ngreencap 

C4. 

....4n7 greencap 

C6. 

,...4u7/10V single- 


ended electro. 

C8. 

...6n8 

Semiconductors 


IC1. 

...4046B 

IC2. 

....LM311, uA311 

IC3. 

,...uA555, LM555, 


NE555 

Miscellaneous 


PB1 min.momentary-action pushbutton. 

ETI-736 a and b 

pc boards; DB15 plug: 

50 mm 8 ohm speaker; No. 216 9V battery; 

jiffy boxes to suit; audio connectors to suit; 

wire, shielded cable, nuts, bolts etc. 

Estimated cost: $25-$30 
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If you’ve got a frequency counter — you 
only need an audio frequency counter 
accurate to a few Hertz — then check that 
the Pitchpipe output is close to 2300 Hz. If 
you haven’t got an audio frequency counter, 
then turn your Microbee into one! Details 
are given in the Microbee column on page 102. 

Get the picture 

Now here’s how to collect your pictures: 
Connect a speaker, nine-volt battery and a 
press button switch to the pitchpipe circuit. 
It should beep at 2300 Hz when you hit the 
button. 

With pitchpipe and cassette recorder at 
hand, tune the receiver until you hear that 
chorus of crickets called fax; 11 030 kHz is 
a good place to start. Switch to ‘upper 
sideband’. If a picture is already running, 
wait for the next one. 

The start of a new picture is signalled by 
a loud blurt, actually five seconds of carrier 
modulated by 300 Hz. Start the recorder. 
Next, you’ll hear the lower tone, punctuated 
by some ‘pip ... pip ... pips’ from the 
higher tone. Push the button on the 
pitchpipe circuit and tune the receiver until 
the pips sound the same pitch. This might 
sound like a rough and ready method of 
tuning but it’s really quite accurate. 

Some 30 seconds or so after the pips 
begin the picture itself should start, with 
the high tone becoming more dominant. 
Hold down the pitchpipe button and check 
the tuning pitch again. Now let the 
recording continue, checking the tuning 
from time to time. When the picture is 
finished the receiver will blurt again; switch 
off the recorder and take it to the computer. 

Now rewind the tape and cue it up so it 
is sitting just a few pips (phasing pulses) in 
front of the picture. Set the recorder’s 
volume near where you would to load a tape 
into the Microbee. With the decoder 
plugged into the computer’s parallel port 
and the audio line plugged into the cassette 
‘earphone’ jack, roll the tape and then run 
the program. Turn the printer on and wait. 
Nine minutes later the computer will beep 
and your picture will begin painting onto 
the printer. Two minutes after that you’ll 
be hooked on fax. 

About the pictures 

All the Australian pictures were received 
from the Bureau of Meterology’s broadcast 
station, AXM. The ‘studios’ are located in 
the Weather Bureau’s Melbourne office, 
although the actual transmitters are in 
Canberra, operated by the Navy. There’s a 
sister station, AXI, in Darwin. 

AXM transmits continuously on four 
frequencies: 5100, 11 030, 13 920, and 
19 690 kHz. Its index of co-operation is 576, 
scan speed is 120 1pm, frequency shift is 
800 Hz and transmission is binary, black 
and white only, with no shades of grey. 

AXM depends on the ‘crystal lock’ 
method of sync. It doesn’t transmit ‘official’ 
sync pulses. But there is something similar 
to the black electrical tape mentioned 
earlier ... a black line that always appears 
on the left hand edge (or the right, if the 
















Picture 1. A standard weather chart, from station A) 


Set to go. The completed decoder and pitchpipe, 
before housing in jiffy boxes. 

picture is sent upside down). As far as the 
Microbee is concerned, it’s a sync pulse, and 
it locks up with ease. 

Picture 1 is a standard weather chart 
just like you see on television every night. 
Note the big nasty low just south of 
Tasmania. There’s also a cold front sweep¬ 
ing in from the southwest. 

Picture 2 is much the same thing, only 
showing the isobars at 20 000 feet instead of 
sea level. The low is still much in evidence. 

Picture 3 is not a weather map, it’s a 
proper satellite picture transmitted from 
AXM. Since it’s a binary fax system the 
shades of grey are lost but it’s still a pretty 
smashing view of mother earth, or at least 
part of it. The picture was too big for all of 
it to fit in the computer. Rotate it 90 
degrees to get the writing the right way up 
and you’ll see the picture in the proper 
perspective. According to AXM it’s the 
‘southern half of the earth disc as seen from 
the Japanese satellite GMS’. (That means 
‘Geostationary Meteorological Satellite.’) 

Picture 4 is a ‘Nephanalysis’... a study 
of the cloud situation in the southern 
hemisphere. The raw data is a satellite 
picture which is ihterpeted and re-drawn by 
meteorologists, with special symbols 
indicating the cloud types. Again, that big 
low blots out Tasmania. Obviously this type 
of chart would not have been possible 
before the days of satellites. 

Now to Picture 5. You can say you’re 
amazed and astounded now, or later. This 
one originated from one of America’s 
NOAA satellites and was transmitted from 
space to the USA where it was souped up 
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with state borders and the like. Then it was 
sent back out on HF radio many thousand 
more kilometres into my humble cassette 
recorder. In other words it’s ‘fax DX’. It is 
an analogue picture that was forced into 
binary state by the decoder’s comparator. It 
has also had its video inverted in the 
computer. 

Picture 6 is a ‘Significant Weather 
Prognosis’, designed especially for pilots. It 
shows high altitude wind trends and jet 
streams, and significant cloud areas. The 


word ‘CAT’ means ‘clear air turbulance’ to 
be avoided if at all possible. This particular 
example looks like it was put out by the 
Queensland tourist bureau. It shows Tas¬ 
mania smothered in cloud (that low again), 
and New Zealand is about to cop it as well. 

Those ‘mostly black’ satellite pictures, 
like Picture 3,' play merry hell with printer 
ribbons, so we’ve turned Picture 6 into 
‘mostly white’. It still looks OK, huh? That 
is, if you like black clouds. To invert the 
video on any picture change the data at 
0426 (hex) from 38 to 30. 



Picture 6. One for the pilots, another AXM picture. 


PROGRAM LISTING 



Housing. Two small jiffy boxes served admirably to 
house the decoder (left) and pitchpipe (right). The 
ribbon cable goes to the DB15 plug which plugs into 
the Microbee user port. 

So now you know all about fax, as do 
thousands of other enthusiasts throughout 
Australia. Perhaps home fax will join home 
video and compact disc and all the latest 
electronic pastimes. 

Maybe AXM will even join the ratings 
race, “Hey folks! You’re on AXM! 5000 
watts of picture power! And tonight a 
request from Melbourne listener Randy 
Oldfeliow! Randy asks us to drop tonight’s 
nephanalysis and play a picture of Bo 
Derek instead. OK, Randy, this one’s for 
you!" 

Seriously, though, fax can be useful, and 
it’s certainly a lot of fun. Faxinating. I’d like 
to thank all those people at the Bureau of 
Meteorology who suffered my silly ques¬ 
tions and helped with the preparation of 
this article. • 
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Dick Smith’s VZ200 
personal colour computer 


Jamye & Roger Harrison 


Since Clive Sinclair dropped his ZX80 and 81 'toy' computers on 
an unsuspecting and unprepared market, there's been a rush, no 
— a stampede, to expand the features of personal computers and 
contract the price. The VZ200 currently sits right at the forefront. 

What does it offer? 


THE VZ200 packs an amazing number of 
features in such a tiny package: 8K bytes of 
memory (RAM), 16K Microsoft BASIC m 
ROM, colour graphics — eight colours in 
medium resolution and four in higher resolu¬ 
tion, programmable sound generator with 
2'/2-octave range and nine different note du¬ 
rations, 45-key moving-key keyboard (with 
auto-repeating keys), both RF output (to TV 
antenna input) and direct video (for a 
monitor), inverse video and on-screen cur¬ 
sor-controlled editing. 


The VZ200 measures just 290 mm wide by 
163 mm deep by 50 mm high overall. The 
keyboard is on the sloping front apron and all 
the attachments plug into the rear. It is pow¬ 
ered from a 9 Vdc plugpack. Along the rear 
apron are the following connectors: dc input 
socket, cassette recorder jack, monitor out¬ 
put expansion connector, peripheral con¬ 
nector and TV (RF modulator) output on 
channel 36 UHF. 

The video display only uses about three- 
quarters of the screen (unlike the picture in 


the Dick Smith catalogue shows), like many 
of the colour home computers available. I he 
text format is 32 columns across the screen 
by 16 lines down. In what they call medium 
resolution graphics mode you get 64 pixels 
(blocks) across the screen by 32 down, 
128 x 64 (i.e: double) in the 'high resolution 
mode. 

In the medium resolution mode, you can 
program a block to be any of eight colours — 
green, yellow, blue, red, buff, cyan (a blue), 
magenta or orange. They’re what s called the 











'foreground’ colours. The background (i.e: 
the rest of the screen area) can be either 
green or orange in this mode. 

In the higher resolution mode, you can 
program any block (foreground) to be any of 
only four colours — green, yellow, blue or red 
— with the background colour green, or with 
the background buff you can program the 
blocks to be buff, cyan, magenta or orange. 

The programmable sound generator has a 
range of 31 notes over 2‘A octaves from A2 to 
D#5, plus a 'rest’. There are nine programm¬ 
able note durations of 1/8,1/4,3/8,1/2,3/4,1, 
l‘/4, 2and3. 

The text character set comprises 62 of the 
standard 64-character ASCII table, 5 x 7 dot 
matrix format. The two you don’t get are 
hardly important in this application. Thirty 
of the keys on the keyboard have four 'shift’ 
levels — as can be seen from the accompany¬ 
ing pictures. With the exception of the RE¬ 
TURN, SPACE, CTRL and SHIFT keys, the 
rest have three levels of shift. That is, apart 
from obtaining the normal character when 
you press a key, you can get more functions, 
such as a graphics character, a BASIC com¬ 
mand, an operating command or a program 
statement. 

Four keys act as cursor control keys in the 
CTRL mode, these being the four on the right 
of the lower rank. The L and';’ keys provide 
the INSERT and RUBOUT editing functions 
in the CTRL mode. The colour programming 
command keys, 1 to 8, are labelled and 
colour-coded. 

The expansion connector will accom¬ 
modate such things as a memory expansion 
module. A 16K module is available for just 
$79, allowing expansion of the user memory 
to 24K. 

The peripheral connector is for plugging in 
such things as a printer interface, and one is 
available for $49.50, permitting the attach¬ 
ment of a standard Centronics printer, many 


models being widely available — and the 
prices are continually coming down. 

The VZ200 is supplied with all cables in 
generous lengths, a plugpack, a User Man¬ 
ual, a demonstration program on cassette, a 
BASIC Reference Manual and a booklet of 
BASIC Applications Programs. 


From the user’s view 

For all the functions packed into the key¬ 
board, the key operation is a big let-down. 
The keys are rubber-buttoned microswitches 
and while they do have movement, the 
feedback via your finger can only be des¬ 
cribed as uncertain. 

We’ve criticised this type of keyboard in 
the past and can’t help but think that, where 
a cost compromise is necessary, an elasto¬ 
meric keyboard (like that on the ZX81) is 
preferable. The computer gives a 'beep’ when 
you press a key (except for the CTRL, SHIFT 
and RETURN keys), which helps, but the 
key action is so light that double-keying is 
common. The auto-repeat feature, however, 
is a good idea. The key will repeat the charac¬ 
ter or command if you hold it down for longer 
than one second. 

The on-screen editing functions are very 
good — a real boon to the beginner program¬ 
mer. The usual BASIC editing feature of 
Simply retyping a crook line works, but that 
can be time-consuming, especially with long 
lines. The VZ200 allows you to move the 
cursor around and re-type incorrectly en¬ 
tered characters, commands or statements. 
With the latter two, the single-key entry fea¬ 
ture is a real time-saver. We would rate the 
editing facilities as one of the VZ200’s major 
features. 

The keyboard has an enlarged SPACE key 
at the right of the lower rank. This is a prob¬ 
lem if you’re used to a normal typewriter- 


style keyboard as you keep cracking your 
finger on the case below the keyboard! It 
takes a little getting used to. We also took a 
little time to learn not to confuse the SHIFT 
and CTRL keys. There are other problems 
with the keyboard that relate to its partly 
non-standard layout, but if you’re a beginner 
in the personal computer stakes it’s unlikely 
to be a worry. 

The single-key entering of statements and 
commands was an idea introduced by Clive 
Sinclair with his ZX80, forerunner to the 
ZX81 and Spectrum computers. It’s a good 
idea, taken to its logical limit with the 
VZ200. Strictly, you need to use more than 
one key to enter a command, statement or 
graphics character, but only three at the 
most; e.g: to get the PRINT command you 
push CTRL and P together. To get the com¬ 
mand or statement under a key, you hold 
down CTRL and press RETURN, then the 
key you want. 

The direct video output into a Philips 20” 
colour monitor is good, but plagued by pat¬ 
terning that ripples seemingly diagonally 
across the display. The display is noticeably 
inferior when using the RF output into the 
TV set’s antenna. However, it is better than 
some other popular colour computers 
around. For the price, it’s acceptable. 

The VZ200 uses a Z80 microprocessor, 
probably the most widely used microproces¬ 
sor in all the personal computers produced to 
date. The specifications say it runs at 
3.58 MHz. However, it’s not all that fast, but 
is probably quite fast enough to manipulate 
simple graphics effectively. 

If you really want to know, a FOR-NEXT 
loop takes four milliseconds, which in today’s 
computer world is pretty slow. As it really is 
a beginners’ machine, that’s no real disad¬ 
vantage. If you’re thinking of ploughing 
through your maths homework with it, a 
pocket scientific calculator is faster. 







SUMMARY OF BASIC COMMANDS 



Documentation 

The BASIC Reference Manual and the two 
booklets supplied with the VZ200 are gener¬ 
ally well produced, clear and understandable 
— which is just what the raw beginner 
wants. 

The BASIC Reference Manual is spiral 
bound, which facilitates laying it open so the 
pages sit flat. However, the spiral binding is 
just slightly too small for the number of 
pages and it’s a bit of a bind trying to turn 

This manual covers all the functions and 
operations of the VZ200 in a fundamental 
way, with some programming examples. 
You are encouraged to learn by trying things 
for yourself. We found a number of small 
errors, but nothing disastrous. 

For example, the method of using the IN¬ 
SERT command when editing does not work 
the way it’s described in the book. Say you 
typed PRIT instead of PRINT. The book says 
you do an INSERT by moving the cursor up 
to the character before the place you want to 
insert a character (that is, T here), type 
CTRL INSERT, then type the required 
character (that is, 'N’ here). However, that 
gives you PRNIT! 

What you really have to do is cursor up to 
the character after the place where you need 
to insert a character, then do the insert 
routine. 

The reference manual lists all the avail¬ 
able text characters and BASIC statements, 
operators and commands, with some brief 
explanations. An error message list is given, 
but incredibly, no explanation of what they 
all mean or what to do when you get one! 
Grrr. 

For all its good points, the manual con¬ 
tains no detailed index, which would be very 
useful for a beginner. The contents list is at 
least comprehensive, so that’s a plus in its 
favour. 

What happens when you’ve worked your 
way through the reference manual? Well, 
you won’t be a hot-shot programmer, but you 
will have gained an understanding of pro¬ 
gramming and be able to tackle some pro¬ 
grams of your own invention, plus modifica¬ 
tions to published software. 



As Microsoft BASIC is used — the erst¬ 
while 'industry standard’ — there are huge 
amounts of published programs and many, 
many books on the subject that will keep you 
occupied for ages. 

A booklet of applications programs is in¬ 
cluded with several dozen short programs 
that are not only interesting and amusing, 
but instructive and perhaps useful to boot. 
Many would be good 'starting points’ for de¬ 
veloping programs of your own devising or 
useful as subroutines within your own 
programs. 

Absolutely no technical details, not even a 
memory map, are given, but we guess that 
such things might appear in some 'support’ 
publications. 

The BASIC 

The 16K Microsoft BASIC included can only 
be described as excellent — outshining the 
mechanical and electronic constraints of the 
VZ200. But, we have to keep reminding 
ourselves that this is really a low cost begin¬ 
ners’ machine. The range of commands, etc, 
available, and the flexibility of the language, 
stand out. Learning to use the facilities is a 
breeze. The buzzword is 'user friendly’! 

All the BASIC commands, operators and 
statements are shown in the accompanying 
panel. Those of you who know will see that 
it’s all pretty standard fare. However, it’s 
good to see the inclusion of such things as 
IF . . . THEN . . . ELSE statements and the 
COPY statement (otherwise known as a 
'screen dump’). Seeing that USR is included 
for the benefit of using machine code in 
BASIC programs, we can only hope that 
some suitable books or manuals on the sub¬ 
ject, specifically for the VZ200, will appear at 
some later date. 

Programming using graphics or sound is 
relatively simple. The graphics commands 
are simple, largely because of the 'chunky’ 
graphics employed. You’ll find no DRAW, 
PAINT, LINE or CIRCLE commands here, 
but what you do get is effective for the sort of 
graphics included in the machine. It’s best to 
crawl before you walk, and it’s a beginners’ 
machine, remember. Similar sentiments ap¬ 
ply to the sound programming. 



Cassette comments 

A pre-recorded cassette with cute demon¬ 
stration software comes with the VZ200. For 
one thing, it shows that the cassette 
interface is quite good, as reliable loading 
was no problem. 

As the VZ200 is not a games/computer 
machine, the pre-recorded software base is 
only going to be available on cassette, as 
there’s no ROM socket. At present, there’s no 
pre-recorded software available, but, from 
past experience, that’s probably a situation 
that will rectify itself. 

There are lots of 'freelance’ software pro¬ 
ducers in the market supplying software for 
existing machines who will doubtless get be¬ 
hind the VZ200. 

Conclusion 

The VZ200 is very reminiscent of the Sin¬ 
clair ZX81/Spectrum or National JR100 
(which is sort of rare here, as yet). It has a 
very great deal to offer in price, functions 
and features. The major disappointment is 
the keyboard, but all low cost home com¬ 
puters compromise here and it’s a matter of 
preference whether you favour one type of 
cheap keyboard over another. 

The big question is, would you do any bet¬ 
ter at $299. You’d almost certainly get a bet¬ 
ter keyboard, but we haven’t yet seen any¬ 
thing in that price range to compete with the 
features and memory capacity of the VZ200. 

Judging from the phenomenal success and 
popularity of other 'bottom end of the 
market’ computers, such as the ZX81, 
Spectrum and VIC-20, there are huge num¬ 
bers of people who want a low cost computer 
just to 'get started’, or get their children 
started, in computing. 

Price is all-important to people who don’t 
want to pay a great deal of money to learn 
what the subject’s all about before 'getting in 
deeper’. Compromises are acceptable there¬ 
fore, and our criticisms should not be taken 
too much to heart. For its price, the VZ200 
has a great deal to offer, and from such small 
beginnings one can go on to 'conquer the 
world’, or at least a comfortable niche. 
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Taking a leaf from the Apple tree — 


The Microprofessor II 

Clearly marketed as a strong contender in the home/educational 
computer market, Multitech Industrial Corporation’s latest offering 
is a colour computer featuring Apple BASIC software compatibility, 
64K of RAM on-board and plug-in ROM-based software. 

Roger Harrison 
Jonathan Scott 


THERE HAS BEEN much controversy over 
the past year about 'clones’ or copies of the 
highly successful Apple II appearing on the 
market. The US-based Apple company has 
been vigorously pursuing the protection of 
t|heir rights in Taiwan, Hong Kong and 
4apan in an effort to stamp out the manu¬ 
facture and distribution of machines which 
4re both hardware and software copies of 
the Apple II. 

; The Microprofessor II is not one such beast. 
Ifs link to the Apple II is via the BASIC 
compatibility that Multitech claim for it and 
some hardware similarities. 

Compared to the Apple II, the MPF II 
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is positively leprechaun-ish, measuring a 
mere 175 mm wide by 241 mm deep by 
30 mm high! At the front is a scaled-down, 
calculator-type keyboard with 49 keys in the 
familiar QWERTY layout. This keyboard 
has a ‘standard’ overlay showing all the 
’shifted' functions available which includes 
one-key BASIC commands (after the fashion 
of Sinclair's ZX81 and Spectrum). An over¬ 
lay for special graphics symbols is also 
supplied. 

Located down the left hand side of the 
machine are a number of connectors: at the 
rear is a 50-pin socket that is similar to an 
Apple II slot'. Just in front of that is a 


Centronics-type parallel interface socket for 
a printer and forward again of that is another, 
similar socket, for either a remote keyboard 
or a joystick controller. 

On the rear panel is the power supply 
connector, cassette recorder connectors, TV 
output (from an RF modulator) and a direct 
video output (monitor). 

The MPF II comes with 64K of RAM, 16K 
ROM with operating system (OS), monitor 
and BASIC. The video display is memory - 
mapped into system RAM and, like the 
Apple II, you get text, low-res and high-res 
graphics. The screen format on text is the 
same as the Apple's — 40 columns by 








24 lines, as is the character set — standard 
ASCII, 64 characters 5x7 dot matrix. In 
low-res graphics mode you get a 40 x 48 array 
(1920 blocks); in high-res you get a 280 x 192 
array (53 760 dots). Six colours can be called 
on the video display: black, white, green, 
purple, orange and blue (although black and 
white are not colours as such). 

In low-res graphics mode, you can colour 
your blocks using any of those colours, any¬ 
where on the screen. In high-res graphics 
mode dots in the even-numbered screen 
columns can only be coloured black, blue or 
purple while dots in the odd-numbered 
screen columns can only be coloured black, 
green or orange. , 

A speaker is housed in the top of the MPF II 
case, at the right rear. You can address the 
speaker from software to create sounds. 

A remote full-size keyboard is available as 
an option and one was supplied as part of the 
review equipment. This has switches beneath 
rubber keys and, frankly, we found it terrible 
to use. It is a 55-key unit in the general 
QWERTY layout with two FIRE keys at either 
end of the base row. 

The cursor control keys are not only non¬ 
standard but difficult to use with left and 
right keys duplicated on different ranks. All 
the 'shifted’ functions are printed either on 
the keyboard face or the keys themselves, 
including the special graphics characters. 
That’s a saving grace, but the key operation 
is where it falls down. 

All is not lost, though. It seems a 'proper’ 
keyboard is on its way and should be released 
around mid-year. 

Software in ROMs is available and come in 
a plastic pack that simply plugs into the 
50-way connector. We received a number of 
ROM software packages with the review 
equipment: Space Invaders, Rain (rather 
like 'Galaxians’) and a demo pack. A word 
processing package is to be released shortly, 
we understand. 

A disk drive, or dual disk drive, can be 
obtained for the MPF II. Either plugs into 
the MPF II via an interface unit that slips 
into the 50-way connector. We received a 
single disk drive unit with the review equip¬ 
ment with which we were able to assess the 
disk-based compatibility between the MPF II 
and the Apple II. 

You get an MDOSII disk and a blank disk 
with the disk drive and, for converting Apple II 
DOS 3.3 software to MPF II DOS, you can 
■ obtain an 'ATOM’ disk as an optional extra. 

We also received a joystick with the MPF II. 
This comes in a rectangular plastic case with 
a switch-type joystick handle at one end and 
Tire’ button at the other. Size-wise it seems 
to be more suited to the average 10 year-old’s 
hand, rather than an adult’s, which makes 
sense. Pity it’s not an analogue type. With 
Apple II software calling for an analogue 
joystick, you’re in trouble (and probably in 
more ways than one — see under 'Apple 
Compatability'). The joystick is, however, 
adequate for the ROM-based software which 
was supplied with the review equipment. 

The machine itself comes with an Instal¬ 
lation Manual, a User’s Manual and an 
Introduction to BASIC Programming. Each 
peripheral comes with an instruction booklet. 
ROM-based software throws up instructions 
on-screen. 


Operator-wise 

For the first-time computer user, the MPF II 
is straightforward to set up and easy to use, 
particularly for those under 16. The on-board 
keyboard is for two-finger hunt-and-peck 
typists (otherwise known as biblical system 
typists — seek and thou shalt find) under 16 
years of age (small fingers). 

The full-size add-on keyboard we were 
given with the review equipment is an 
abomination. The space bar is ineffective 
unless you hit it in the right place, your 
fingers are often deflected by the rubber keys 
without operating the key switch and some 
keys are unconventionally placed. 

Presumably the next model of outboard 
keyboard will be better. Here’s an opening 
for a do-it-yourselfer to attach his own 
keyboard. It should be pretty simple as only 
a scanned row-and-column arrangement is 
involved. 

The machine design at the hardware level 
is very good — compact, powerful and capable, 
within the usually necessary constraints. 
There is one drawback with the ports — you 
can only plug one thing in at a time to the 
erstwhile-Centronics port (the keyboard/ 
joystick connector is not a port), unless you 
have some sort of port expansion plugged 
into the 50-way slot. Which brings us to the 
next one — you can virtually only have one 
thing at a time plugged into the 50-way slot. 
But that’s a price you pay for simplification 
on a lower-priced machine. It seems an accept¬ 
able compromise under the circumstances. 

The games ROM packs are great. They can 
be plugged in upside down but the label 
identifies which way is up. The software we 
got with the review equipment was well 
thought out and well executed; Rain being 
the favourite! 


The text on-screen is just as ugly as the 
Apple’s. It’s a pity this couldn’t be fixed, but 
then the MPF II wouldn’t emulate the Apple 
as closely as it does and confusion might 
arise. It seems that Multitech intend the 
MPF II to be purchased and used, by the 
educational sector of the market, as an 
adjunct to an existing Apple-based teaching 

Having both RF modulated and direct video 
outputs is a big plus for the MPF II. The RF 
output would primarily be used in the home, 
the direct video where a monitor is available. 

There’s a powerful argument for purchasing 
the MPF II for a student, for use at home, 
where Apples are used at school. But beware 
the compatabilty question, to which we shall 
now address ourselves. 

Apple compatible? 

The MPF II is described as 'Apple compatible’, 
and a strong case is made in the billing for its 
ability to draw on the vast reserve of support 
for the Apple II machine. Just how compatible 
is compatible? 

Well, basically it is designed very much 
the same as the Apple II. It is a 6502 based 
system with identical graphics capability 
and identical monitor layout and BASIC 
operation. 

It comes with a 16K page of RAM which 
can be switched in over the ROMs, built-in 
printer interface capability and graphics 
colour ability; which three things must be 
added in three of the expansion slots of all 
but the very latest model Apples, where 
these are standard in the MPF II. 

It has only one slot with the format of the 
Apple expansion slots, so clearly it will be 
unable to replace a system which uses more 
than one expansion slot beyond the three 
functions mentioned above. (The disk drive, 
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Text. Example of the text screen format—40 columns 
by 24 lines. 


However, this is OK for most systems hot 
dedicated to some peculiar task. There are 
machine differences in the MPFII, but these 
are hidden from the user by the operating 
system (OS) and disk operating system 
(DOS). It will read Apple disks directly once 
the DOS is booted from an MPF disk; it is 
also provided with a utility for updating 
Apple disks to MPF II DOS or MDOS. This is 
where the compatibility ends, however. 

While memory (RAM) usage is kept identical 
in format, certain machine locations are 
different. Any program which PEEKs or 
POKEs, or is direct rather than going through 
i the interpreter and DOS, is liable to mal¬ 
function because it does not have the totally 
| identical machine layout to the Apple. 

A good deal of existent software will bypass 
the interpreter occasionally, and fail; but 
such programs can be modified to work on 
the MPF II. The adjustment to these programs 
'which PEEK and POKE past the BASIC 
System should be trivial. For instance, the 
PEEKing at the keyboard can be moved to 
the correct location. The holdup is the acutely 
rudimentary documentation provided. 

Programs which use machine routines for 
I/O are no good at all on the MPF II. The 
more sophisticated games or well protected 
disks that tamper with the straight DOS are 
Pat useless. It would represent a lot of work, 



Take a left at 9FFF. Memory map of the Micro¬ 
professor II. 
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but some program-inspecting program utility 
might be concocted for the upgrade of pack¬ 
ages with simple hardware PEEK/POKEs, 
but the job would be hard for anyone who had 
to sift the documentation for clues as to what 
was what. It would also not help the cases of 
machine level programs — BRUNning an 
Apple file is doomed on the MPF II. (It should 
be noted that most fast action or heavy 
thinking Apple games are of this sort.). 

The above notwithstanding, programs and 
routines can be readily transferred from the 
MPF II to the Apple II because of the disk 
compatibility. Any software written with 
compatibility in mind would be OK, because 
the changes, once you know what they are, 
are not too major it Would seem. So you could 
work hand in hand with Apples, but a good 
deal of the Apple support . stuff is not 
instantly useable. 

Peripherals 

We received a single disk drive (with 
interface) and a dot matrix thermal printer 
with the review equipment. 

The disk drive is a 'slimline’ 514” unit that 
comes with an interface that plugs into the 
50-way slot. It works just like an Apple II 
disk drive — which means the disk format is 
unique — quite unlike any other disk system 
on the market. This unit operated perfectly 
and we had no serious hitches in using it. 

The printer is a thermal type and will 
print the standard 96 ASCII character set, 
40 columns to the page. Each character is a 
5x7 dot matrix in a 7 x 10 dot raster. On 


graphics it can print 280 dots per horizontal 
line and you can access 50 internal-generator 
graphics symbols. 

Printing is bidirectional at around 150 to 
180 lines per minute. The paper is 112 mm 
wide. Printing pitch is 0.36 mm character-to- 
character, line pitch 0.42 mm. The print head 
has two sets of 20 needles and is replaceable. 
Quoted life is one million lines. The interface 
is a Centronics-style 8-bit parallel type. 
Seeing as this is a relatively inexpensive 
printer, it will no doubt find a market for 
itself aside from the MPF II. 

The print quality is adequate, considering 
the cheapness of the unit, and the graphics 
reproduction remarkable for a printer of 
this type. 

Documentation 

While it is apparent that Multitech is aware 
of the necessity of good documentation, and 
have appeared to have gone to some length to 
prepare comprehensive, illustrated manuals 
for Chinese or Japanese consumption, as 
English translations they’re abyssmal. With 
some effort, you’ll make sense of them. But, 
they’re poorly organised — even though 
everything is there — and the peculiar 
'Chinglish’ makes it hard going. Also, it 
demands Apple documentation to be really 
useful in depth. 

If you’re using, or intend to use, the MPF II 
in conjunction with an Apple, well and good, 
otherwise arm yourself with as much liter¬ 
ature on the 6502 and the Apple II as you 
call muster. 


















Software notes 

Looking at the MPF II on its own, software- 
wise it’s powerful and flexible. Without a 
disk drive, most of the user RAM will go to 
waste, but if you’re going to get at all serious 
about computing, a disk drive will be 
contemplated at some stage — probably 
sooner, than later. 

Rooting through some of the published 
Apple software and trying it out, we 
experienced no difficulties, providing all 
that was involved was straightforward 
Applesoft BASIC. A really useful feature of 
the MPF II is the one-key entry of BASIC 
commands using the shift and control keys 
(strictly, that’s three keys, but you get the 
gist. . .). 

On top of the Applesoft BASIC commands, 
the MPF II BASIC interpreter has some 
90 additional commands, so the BASIC you 
get is pretty versatile. Note that text and 
graphics can be mixed in the same way as 
with the Apple II. 

Using the MPF II with its printer is a 
breeze. You can get a screen dump (direct 
copy of what’s on the monitor’s screen) or 
just have it obey the common set of PRINT 
commands. 

We suspect there may be a not-inconsider- 
able demand for local software backup on 


either disk or tape, or even ROM packs. 

The cassette interface seems to work well. 
We received a 'Micro-Nurse’ diagnostic pro¬ 
gram on cassette with the review equipment 
which tests the hardware and software, 
throwing up OK or FAIL messages as you go. 

Summary 

The MPF II is an intriguing and potentially 
powerful machine marketed at a very 
attractive price. It has a great deal to offer, 
particularly if it is intended to be used in 
conjunction, at least in association, with 
an Apple II. 

Starting with the basic machine, you can 
progress to a 'proper’ disk-based system and 
full-size keyboard in easy stages, which is a 
great plus. The on-board BASIC is flexible 
and, being compatible with Applesoft BASIC, 
is backed up by a large amount of published 
and commercially available software. 

It’s a pity there isn’t more machine-level 
compatibility between the MPF II and the 
Apple II, but that might transgress Apple’s 
patents and copyrights, so it seems under¬ 
standable. 

From a practical, user point of view, the 
on-board keyboard will likely prove an early 
frustration, particularly if you start getting 
into some heavy programming. 


The documentation is disappointing, but it 
does contain pretty well all the information 
you’ll need. Only you’ll have to do some 
digging and Chinglish-English translating 
to get at it. Just to ameliorate that blow a 
little, very, very few personal computers on 
the market have decent documentation so 
the MPF II is at no real disadvantage in the 
documentation department. And considering 
the huge array of literature on the 6502 
and the Apple II, it’s well supported with 
additional material. 

If you lust after an Apple II, but your budget 
falls way below the probable possession line, 
the MPF II is the next best thing. If you’re 
after a 'starter’ home computer that can grow 
as your needs grow — and not cost you an 
arm and a leg on the way — then the MPF II 
is certainly worth very close scrutiny. 

Despite the drawbacks we’ve critised, we 
suspect the MPF II will be a popular machine. 
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>L 1ST 

1 HGR2 

2 HC0L0R = 3 
10 PI = 3.14159 
20 X = 100 

30 Y = 100 
40 R = 60 
50 INC = .09 
10© FOR THETA = 
110 HPL0T R * C 
(THETA) + Y 
120 NEXT THETA 


Hard copy. Examples of printouts direct from the MPF II printer, about 90% 
size. Both are screen dumps of two versions of a hi-res graphics program w 
program listed beneath the display. 


>LIST 

1 HGR2 

2 HCDL0R = 3 
10 PI = 3.14159 
20 X = 100 

30 Y = 100 
40 R =_6B 

43 Y2 = V 

44 N = 8 

45 A = 2.25 

50 INC = 2 * PI A 

100 FOR THETA = 0 TO N * 

INC 

105 XI = R X COS (THETA) 

106 Y1 = R * SIN (THETA) 
110 HPL0T X2,Y2 TO X1,Y1 
115 X2 = x: 


116 _ 

120 NEXT 


THETA 
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Spectravideo’s SV-318 
-bound to cause 
a market shake-up 

Jonathan Scott 


The SV-318 home computer offers a remarkable amount for a 
remarkably low price and can be optioned-up to a very sophisticated 
machine. Many of the features offered are not currently available on 
other home computers. Here’s a machine worth very serious 
consideration for both the first-timer and old hand. 


EVEN BEFORE you open the box in 
which it comes, you can tell that the 
manufacturers of the SV-318 put a lot of 
careful thought into where their machine 
is going, what it will be required to do and 
what peripherals it may need to have. Al¬ 
though rather off-puttingly full of superla¬ 
tives and sales talk, the rear panel of the 
box tells the purchaser (or prospective 
purchaser) just what the machine is good 
for — such as educational jobs, word- 
processing, games, etc — and what pe¬ 
ripherals are available for immediate co¬ 
nnection, with a brief summary of each 
one’s capabilities. We appreciated this — 
it was much more informative than the 
dull wrapper which customarily encloses 
units sent to ETI for review, even if it did 
look a bit slick and ‘Americanised’ in its 
sales approach. 

You will see as this review progresses 
that almost every aspect of the machine 
has been thought out very carefully and 
the design taken to the limit. Although 
Spectravideo only came into existence in 
January, it must be doing big business 
somewhere, because the degree of design 
care and deliberation which has gone into 
this machine is immense. Such an invest¬ 
ment of skilled manpower does not come 
in a parcel as cheap as this unless the 
company is selling a lot of machines to 
cover costs. This review will not be the 
last you hear of this computer. 

The computer itself is the standard larg- 
er-than-a-keyboard size, about 400 mm x 

60 


220 mm, standing about 80 mm high at 
the back and sloping down to 50 mm at 
the front of the keyboard. This makes it 
marginally larger than a Microbee and 
much smaller than an Apple. The power 
supply is external, supplying ac to the 
main unit via a proprietry cable. An exter¬ 
nal power supply is not unusual these days 
in a domestic machine. We were pleased 
to see that the supply unit had its own 
mains cable, rather than the annoying sort 
which consists of a black box larger than a 
plugpack with three prongs protruding di¬ 
rectly from the body to form the plug. 
These are a nuisance to plug into the wall 
and often necessitate an extension cord as 
well. 

The SV-318’s power supply came in a 
metal enclosure, which isn’t aesthetic but 
it is tough. 

The RF modulator is also external, sup¬ 
plied with power and video signal from a 
single socket on the back. If you are 
equipped to handle video directly, which 
is desirable if you are using the colour 
graphics with a decent monitor, then you 
must make up or buy a cable. It uses a 
5-pin DIN on the computer end and what¬ 
ever you want for the monitor on the 
other end. The modulator also came with 
a cable to link it to the TV and a switch 
unit to allow a quick change from the TV 
antenna to the modulator. 

This is an excellent way to organise the 
set-up — immediately usable in the usual 
domestic situation and readily upgradeable 


if you want. 

While installing these cables we got our 
first inkling of the main drawback of this 
machine; the RF cable was unable to 
make a good contact with the RCA con¬ 
nector on the modulator. Had we not had 
an audio RCA-to-RCA cable handy we 
would not have been able to get the moni¬ 
tor going. 

The whole feel and look of the modula¬ 
tor box and its accessories was cheap. 
This, as you will see, is a successful strat- 
egy — the unit is remarkably cheap — but 
it is an everpresent facet of the machine’s 
character. To put it in perspective, how¬ 
ever, many other home computers suffer 
the same problem. 

The keyboard is one of the rubber key 
types. It is provided with special function 
keys, editing keys, graphic character select 
keys (acting in addition to the shift and 
control keys) and an inbuilt joystick. 
However, it is still rather dicky to use at 
any speed. 

If a computer must have rubber keys for 
cost effectiveness these are good ones; 
they provide some tactile feedback, while 
others do not. They are hard rubber 
rather than the useless spongy ones, and 
the lettering is bonded on sufficiently well 
that we could not scratch any of it off as 
we have done on other people’s machines. 
It is fine for the ‘seek-and-destroy’ type of 
typist who deliberately presses each key 
separately, but it will not support fast or 
touch typing. We would like to have had 








the option of paying $25 to $45 more and 
having a nicer typewriter-like keyboard. 

The SV-318 has a big brother, the SV 
328, which has a ‘proper’ keyboard and 
other improvements such as larger 
memory and built-in functions such as 
wordprocessing. 

It is possible that the keyboard alone 
could be upgraded. The keys are an inte¬ 
gral unit plugged into the motherboard, 
and so could be replaced in a few seconds 
with another set, or hopefully with one of 
the SV-328 upmarket keyboards. 

The joystick on the right of the key¬ 
board is one of the four-switch types, 
rather than a proportional sort, but it is 
quite adequate for cursor control. Very 
few machines have nice ‘analogue’ joy¬ 
sticks; the Atari for instance, is the simple 
four-switch type, giving one-of-eight direc¬ 
tion selection. The SV-318 joystick has a 
removable ‘stick’, which leaves a small 
disc with four finger indents if you prefer 
a more key-like movement feature. 

Only the latest models of computers 
have the idea of a joystick (multidirection) 
control built into the main box. Apple’s 
latest upmarket offering, the Lisa, has a 
‘mouse’, a small hand-sized box which is 
moved by the, operator to control cursor 
(or icom, as the mouse-pointer on the 
screen is termed) movement. The latest 
series of HP-200 machines has an ana¬ 
logue ‘wheel’ which permits very fast cur¬ 
sor movement, with the shift key changing 
the cursor movement direction from hori¬ 


zontal to vertical. 

Both of these machines respond more 
quickly than the SV-318 because the latter 
regards the joystick merely as four key¬ 
board keys. Hence the keyboard repeat- 
on-hold feature affects joystick operation. 
But the inclusion of the control on the 
front panel as standard is still a great fea¬ 
ture absent from many other machines. 

The next feature to catch the eye is the 
range of connectors. On the top surface, 
behind the keyboard, is a games cartridge 
slot. As you will see shortly, this machine 
is capable of fantastic graphics (compara¬ 
ble to an Apple) and comprehensive 
sounds (multivoice chords!) so that the 
games have the potential for true arcade- 
quality effects. More on this later. 

On the side next to the power connec¬ 
tion and on-off switch are two connectors 
with nine pins each. One is clearly marked 
‘joystick’, while the other is unlabelled be¬ 
yond the number 1. As little hardware 
documentation was supplied with the unit 
we could only speculate from the elec¬ 
tronic contents as to what these did. 

We think that the joystick connector 
merely provides a second joystick func¬ 
tion. (We were provided with such a joy¬ 
stick.) The other connector remotes the 
keyboard function should this be desired. 
No remote keyboard was supplied or 
offered. 

On the rear are two connectors in addi¬ 
tion to the ‘video’ one. One is the main 
system expansion buss and the other is the 


audio cassette tape interface. The audio 
interface is not standard. It is a pc board 
edge connector type, the socket being on 
the tape drive end and the SV-318 merely 
exposing an edge of its main board The 
connector provides not only data ‘in’ and 
‘out’ lines but also power to the drive. 
The drive can be turned on and off at 
BASIC level, and offers a voice channel 
as well as data, with an eye to voice and 
video synchronisation by a resident 
program. 

While is it initially disappointing that 
the unit denies immediate use of the nor¬ 
mal domestic cassette player, we warmed 
to the way Spectravideo has organised 
this. Consider firstly, one can attach the 
connector and patch it to your recorder if 
you desire, ignoring the control functions; 
secondly, if you are going to do any sig¬ 
nificant recording at all it is a decided con¬ 
venience to have a cheap recorder dedi¬ 
cated to the job and always left with the 
computer. 

The Spectravideo unit is cheaper than it 
would otherwise be as it has no power 
supply requirements, and hence beats buy¬ 
ing a ‘cheapo’ tape recorder on both price 
and performance. (See later.) 


On the inside 

The internal construction of the SV-318 
turned out to be much better than expected. 
The pc board has gold-plated edge connec¬ 
tors and is screen printed with component 
labels. It is almost totally enclosed by metal 
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SV-902 floppy 
disk drive 


SV-903 dual 
channel data 
cassette 



plates to reduce interference. The frequency 
accessed connector for games cartridges is 
strongly mounted and reinforced with ano¬ 
dised aluminium guides, which double as the 
supply regulators’ heatsink. 

The ROMS, the CPU, sound and video 
processors, as well as PIA chips, were all 
socket-mounted. This is unusually good for 
such a machine. The operating system (OS) 
and BASIC EPROMS all live on a demount¬ 
able piggy-back pc board and are clearly 
marked with the version number. 

The literature claimed the CPU, a Z80, 
runs at 3.6 MHz. I suspect that this fre¬ 
quency is not locked to the video system as 
there are no less than three separate crystals 
in the circuit. 3.6 MHz is probably the cor¬ 
rect value no matter what frequency is used 
in the TV control side of the circuit. 

Firmware 

Having discussed the SV-318’s hardware, we 
can turn to the firmware. In a nutshell, the 
BASIC in this machine is about the best we 
have seen in a domestic machine. It is Micro¬ 
soft 32K BASIC with some suitable exten¬ 
sions to match the hardware. It supports 
double precision. It has extensive interrupt 
control allowing jumps asynchronously to 
defined routines when an interval expires, 
when an error is dectected, when a stop 
command occurs from the keyboard, when a 
particular special function key is pressed or 
when ‘sprites’ (video images) collide. It has 
complete format statements, extensive 
string manipulation commands, good input/- 
output supporting statements and excellent 
machine level interface with the ability to 
pass parameters. 

It has all the usual arithmetic, logical and 
comparison operators. It has all the usual 
arithmetic and transitional functions. The 
operating system part of the language allows 
renumbering, merging of program segments 
(with a disk), deleting of large segments, 
changing memory banks and full tracing of 
program lines at execution time. 

It has a number of convenient facilities 
which make using the language smooth and 
easy: you can turn on and off the click emit¬ 
ted at each keystroke to acknowledge its re¬ 
ceipt; you can define string as well as nu¬ 
meric functions; you can effectively un-di- 
mension arrays to recover memory lost in a 
‘DIM’ statement; you can generate an error 
message, in plain English as their OS does, 
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using numeric coding and you can swap con¬ 
tents of variables. 

The BASIC level colour graphic com¬ 
mands are superb: they will draw lines, cir¬ 
cles and ellipses, fill in areas, set points to 
specific values, read point values, change 
background, border and image colours, 
PEEK and POKE to video RAM, place 
images on screen with OR, AND or XOR 
with current video data and move pre-de- 
fined patterns, called ‘sprites’, around the 
screen — all at the BASIC level. It has a 
BASIC access to a graphic ‘macro’ language 
which allows you to put a plotting function 
directly to the video controller via a string 
variable. There are 15 colours, counting 
white. 

The sound commands are even more im¬ 
pressive. You can send control characters to 
the sound processor to generate tones of 
several envelope waveshapes and 15 selecta¬ 
ble amplitude levels, from each of three 
separate generators, over a range of many 
octaves. Noise can be added to these, indi¬ 
vidually if desired. Using the sound macro 
language in string format via the PLAY key¬ 
word, you can specify notes of the tempered 
music scale, including sharps and flats. 

All this adds up to a totally impressive 
array of commands, all built into the ROM 
system inside the SV-318. We have seen 
very few functions implemented in a BASIC 
machine which are not included or su¬ 
perseded here. 

Brickbats 

Our first complaint with the SV-318 was the 
tacky keyboard. The next and only other 
shortcoming is documentation. Supplied 
with the basic machine are two books. The 
first looks like a BASIC manual, but turns 
out to be a tutorial book for the first-time 
user. It is well-pitched, and effective for the 
average user who has never used a computer 
before, but it is incomplete in its teachings. 
This manual also contains hardware docu¬ 
mentation. This is precious little; it merely 
gives a brief pinout description for the vari¬ 
ous connectors and a simple memory map 
diagram. It also contains a glossary, video 
worksheet, etc. 

The other book is a quick reference 
manual which lists the commands included 
in the BASIC and OS. This book has a cou¬ 
ple of typographical shortcomings. It also 


appears to have some omissions. For in¬ 
stance, I discovered that the machine has a 
function ‘TIME’ which was not even men¬ 
tioned in the quick reference guide. It 
seemed to assume that you had no disk or 
other peripherals, as well. While we found 
no other hidden keywords, there is no way 
of knowing if there are more. (We found 
TIME because it is used in one of the exam¬ 
ples concerned with another command in 
the tutorial book.) 

Needless to say, these two books will 
prove inadequate for anyone who delves 
deeply into BASIC programming. If you in¬ 
tend to do anything serious with the machine 
you will have topurchase the ‘BASIC Refer¬ 
ence Manual'. This is supplied as a loose leaf 
octo folder. Each BASIC keyword is treated 
as a separate alphabetical entry with full de¬ 
scription. ‘TIME’ is absent from this one as 
well, so our confidence in it is not complete. 
It is nevertheless a very comprehensive and 
informative document. 

Cassette storage 

The SV-903 cassette drive supplied with the 
computer is very simple in its form, yet com¬ 
prehensive. It has the usual play/record/ 
FF/rewind functions and an ‘in use’ LED, 
similar to a disk drive. There’s a microphone 
with on/off switch and a counter, too. It is 
powered, as we have already mentioned, 
from the SV-318 power supply, and has 
motor on/off capability as well as a line to 
inform the OS whether it is actually running 
or not. This makes it very nice to use. 

A load operation will respond with ‘press 
play on cassette’ if the cassette is not already 
operating.lt also turns it off when the load is 
completed. The data rate is 1800 baud, 
which is pretty fast for an ‘ordinary’ unit. 
For this reason the makers recommend the 
use of ‘data quality’ cassettes, though an or¬ 
dinary high quality audio tape should suf¬ 
fice. There is a ‘verify’ facility in the OS so 
you can confirm a good recording. 

The included microphone and stereo 
recording system permit the use and devel¬ 
opment of voice-supported programs. This 
is very neat, especially for tutorial-type pro¬ 
grams. We did not, however, receive any 
documentation explaining how this might be 
done. Indeed, the drive specifications were 
the only information we received beyond the 
descriptions of the BASIC cassette interface 
commands. 







Cassette operation was quite reliable, 
though we have not, of course, run it exten¬ 
sively. The OS will search for particular file¬ 
names or. load the first headed file found. It 
will load and save BASIC and binary files. 
After 10 to 15 reads of an ordinary high qual¬ 
ity audio cassette recorded with a very long 
program it gave occasional “I/O error” mes¬ 
sages but always read correctly on a subse¬ 
quent try. This is typical for a high bit-rate 
unit such as this, and should not be taken as 
a bad sign. 

As no hardware documentation was avail¬ 
able we cannot make any comments beyond 
these. 

Joystick 

We also received a ‘Quickshot’ joystick con¬ 
nector and three demonstration cassettes. 
The joystick plugged into the external joy¬ 
stick connector and provided a second four¬ 
way control for two-player games. It is a 
very exciting-looking control, sculptured as 
are some arcade ones, and sporting a fire 
button on the top of the handle and another 
on the base. It also has suction caps on the 
base which hold it firm, even to a polished 
wood table. The only drawback is that it puts 
the built-in joystick to shame! 

The cassettes included two games. The 
first was a ‘Space Invaders’ variant. The sec¬ 
ond was a ‘Tank’ variant. Both exhibited ex¬ 
cellent graphics and the tank one had a lot of 
imaginative features. However both had 
drawbacks in comparison to the arcade 
originals. The tanks could move only as 
rooks in chess, that is, no diagonals or 
smooth turns; the gun in the space invader 
one was apt to intermittantly halt when 
trying to fire and move at the same time. 

For these reasons and others, I feel that 
these two games were not making full use of 
the machine’s abilities. This is not at all un¬ 
common — many computers are not dedi¬ 
cated to a particular game, as are arcade ma¬ 
chines. What we are saying is that there are, 
and will be, games which are too crudely im¬ 
plemented for every machine, so if you are a 
bit picky, look (or play) before you buy. 

The SV-318 is capable of good fast and in¬ 
tricate games, but not all games will be like 
this! Nevertheless, several 10-year-olds 
were quite happy playing with these defi¬ 
ciencies, so perhaps it is an engineering 
adult’s problem to see the shortcomings of 
certain games. 

We were not supplied with any plug-in 
cartridges, games or otherwise, so we could 


not assess how well these have been done. I 
expect that the minor bugs will be sorted out 
before any programs are committed to 
ROMs and sent out as cartridges. 

The third cassette was a BASIC tutorial, 
as promised at the end of the tutorial manu¬ 
al. It was not, however, as advanced as we 
would like and contained a lot of material 
simply repeated from the original book. 
There is mention in the user’s manual/tu¬ 
torial book of a more advanced BASIC tu¬ 
torial but that was not sent with the review 
material. 

Expansion 

Also supplied for review was the SV-601. 
This connects to the buss expansion plug and 
provides power and connection to up to six 
expansion modules and a disk drive. A disk 
controller card and disk drive, and a RAM 
expansion card were provided. The latter 
left us with 42K of RAM for BASIC, once 
the 16K. of video RAM plus OS overheads 
were removed. With the DOS booted, 26K 
remained. The card was marked ‘64K’ ex¬ 
pansion, which suggested that we should 
have got a lot more than 64K total, but no 
configuration of the switches on the card 
would give us more on power-up. 

The further RAM is assessible by bank 
switching by the user, although there was no 
documentation supplied to explain the 
switch functions or how the memory map 
changed on bank switch. The memory we 
had did not come wrapped in its own box but 
in the expander rack, so presumably the ex¬ 
planation follows when you get the module 
in its virgin state. 

The disk controller can handle two drives, 
which are sold separately. The drives are 
slim 5!4”-standard units, offering a single¬ 
sided capacity of just under 164K with a 
transfer rate of 250K bits per second, or 
about 30K bytes per second. By comparison, 
this is about 25% more storage than 
an Apple disk with comparable speed 
capability. 

There is not really a great deal to say 
about the drive — it is very traditional. I 
might criticise the amount of space DOS 
consumes, but then Apple DOS is the same; 
this DOS is, in addition, slightly better per¬ 
mitting merges, etc. The disk accesses use 
the same commands as the tape drive, only 
adding a mass storage specifier. This tells 
the computer which mass storage device is to 
be used for this job. I feel that there should 
be, and may eventually be, more low level 
DOS documentation available as there has 


come to be for the Apple and other well used 
machines. But for the time being, you must 
stick to BASIC level access. 

Summing up 

It seems that the SV-318 is designed for that 
niche of computer users who are not sure if 
they are going to become fanatics, but have 
enough interest to buy a decent machine and 
leave the door open for expansion and learn¬ 
ing. I would strongly advise that the ’318 be 
purchased with the tape drive which, being 
very fast and handy, is adequate for non¬ 
professional, non-fanatic use. The pricing 
structure seems to reflect this also. 

The ’318 itself is very well priced at $499.1 
feel that competition from other new units, 
such as the Coleco Adam and the like, will 
push the price down. The ’318 retailed in 
America for US$299 (about A$330) in June 
this year. 

The tape drive is $149, which is good cur¬ 
rent Australian value for a unit tailored to a 
machine. Thus, for $650 now, you can have 
a machine with superb capability, expand¬ 
ability and the promise of things to come. 
(Spectravideo is intending to provide a car¬ 
tridge to support MSX, the Japanese “stand¬ 
ard” OS, and already provides a small sup¬ 
port adapter which permits the use of 
Coleco games cartridges.) 

The disk drive, however, demands the 
purchase of the expander ($249) and a con¬ 
troller ($249) as well as the drive itself 
($549). Thus you are looking at a minimum 
of $1050 to get fast mass storage. These 
prices are par-for-the-course for what you 
get (CP/M ability among other things) but 
this is not the kind of value represented by 
the initial system. If you are expecting to ad¬ 
vance to a disk drive, start looking at the SV- 
328, which is more the level you are aiming 
at. (Serious!) So here is what we would 


recommend. • 

Domestic/pleasure system 

SV-318 (32K).$499 

Tape drive.$149 

and optionally, joystick.$25 


$673 

Professional/business system 

SV-328.$899 

Disk + controller.$798 

Expander.$249 


optionally; printer, 80-column card, etc. 

$1946 to $3000 
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The ‘pfssGraph’ package 
reviewed 

Ever tried to tackle the problem of producing a really flexible 
graph routine? Difficult isn’t it? Well, this package should interest 
you — it runs on the Apple II and produces graphs to order from 

your own data. What’s more, it’s compatible with PFS and Jonathan Phillips 

VisiCalc files! 


AS ANY ONE who has ever tried to produce a 
flexible all-purpose graph routine will know, 
graphs wasn’t meant to be easy — to para¬ 
phrase a well known aphorism. 

The first problem comes when you try to 
work out what the scale is going to be. That’s 
fairly easy. Then comes the problem of label¬ 
ling the axes — and if you want to do it 
properly (i.e: with the vertical axis labelled 
using letters on their side), then that means 
a lot of fiddling. 

Then of course comes the question of how 
to show the line —just as a solid white line, 
or with symbols to show the data points? 

When your data starts to come in the form 
of comparative graphs — i.e: more than one 
graph on the same set of axes — then you are 
in real trouble. 

The pfs. 'Graph package is the third in a 
series of packages designed for the business 
user — the sort of user who is not interested 
in staying up to three in the morning polishing 
software routines. What he wants is results 
without headaches. 

The ’mother’ package, 'pfs:' itself, is a 'data 
aquisition’ system — that is, it allows you to 
design forms on the screen and then fill them 
in. Packages like this are becoming very 
common these days, as people realise that 
computers are not only fun — they can work 
for their living, too. 

Now, pfs: allows you to generate 'files’ of 
information, and to, add to and change that 
information at will — more, it allows an 
operator to do this sort of thing, integrating 
the system into an office environment. 

The second package produced by Software 
Publishing Corporation (the publishers of 
the pfs: series) was 'pfs. -Report’ — a 'report 
generator’ package, which allowed that 
same no-headaches business user to generate 
printouts formatted neatly without worrying 
about the details of writing a program to 
do so. 

Cunningly, p/s:Report took its data from 
the Tiles’ produced by the mother pfs: system 
— p/s.Graph does the same thing, only 
instead of reports, it produces graphs. 

Note that pfs: Graph can also be used with¬ 
out the mother system, entering data directly 
to produce a graph. 

The p/s. Graph package runs on an Apple II 
(with disk drive, of course), and produces the 
graphs in colour on the screen. The package 
is also capable of interfacing with a variety of 
printers and plotters for hard copy. 



Recommended: The ’pfs:Graph package is distri¬ 
buted by Imagineering, 3/579 Harris St., Ultimo NSW 
2007.(02)212-1411 

How it performs 

Starting up the p/s.Graph package is some¬ 
thing of an experience. The disk drive whirrs 
for what seems like rather a long time, with 
the head doing what sounds like a polka 
across the face of the disk. 

After a while, all that stops and the main 
menu is seen, giving you the option of 
retrieving/saving the graph, altering the 
data, altering the format of the graph or 
printing the results. 

Operating the menu is also rather an 
experience — for some reason the programmer 
has decided to break with convention, and 
use CTRL-C (which, on most systems is used 
to mean 'interrupt’) at the end of each input. 

So if (as I did on a number of occasions, 
by mistake through long habit) you enter 
the menu selection followed by RETURN, 
nothing happens! Worse still, going back to a 
'normal’ system after playing with pfs: Graph 
for some time results in several unnecessary 
reboots! 

Another problem I noticed was that, in 
going from the main menu to the various 
other parts of the system, each time I went 


into or out of the main menu, the disk 

Now this fact, coupled with the usual 
protection against copying the disk, will give 
the whole system rather a limited life — 
until the disk wears out, in fact. 

Problems apart, the system works well 
— it will produce three types of graph: line 
graphs, bar charts and pie charts. 

Bar and line graphs can be generated 
using up to four sets of data on the same axes, 
and bars and lines can be mixed on the same 
set of axes. 

Labelling of each line, bar and pie segment 
is clear and easy to follow — lines are 
labelled either by colour, or by a symbol at 
each data point (depending on an option). 
Bars and pie segments are identified by 
shading or colour. 

All of the graph examples that I fed into 
the system resulted in neat, easy to read 
graphs — in fact, it would be very difficult to 
produce results that were otherwise, using 
this system. 

By making a few simplifying assumptions 
(e.g: that the first set of data on a graph using 
colour will always be in red), the system 
allows you just enough choices to define what 
you want the reader of the graph to get out of 
it, without burdening you with unnecessary 
choices. 

All in all, the package is easy to use and 
produces good results — and now we come to 
the most important part of the whole deal, 
the manual. 

In a system which is designed for use by 
'business’ people, excellent documentation is 
a must. The p/s.Graph manual is very much 
up to scratch. 

It is easy to read, easy to use for reference 
and includes a short 'guided tour’ of the 
features of the package, along with 'monkey- 
see, monkey-do’ instructions of how to start 
the thing up. 

The package also comes with a disk full of 
example graphs, so that the naive user can 
get a few ideas of what is possible. All in 
all, the publishers have done a very good job 
of making sure that the documentation is 
up to standard. 

In summary — yes, a good product; 
especially for those with either the base pfs: 
system, or VisiCalc (the 'spreadsheet’ 
package with which pfs. -Graph is also 
compatible). Recommended for those who are 
into computing for profit, as well as for fun. £ 













HP-75C portable 
computer 


A powerful beast. The first of a new species of portable computers 
which fit in a briefcase. Though designed for the business person, 
anyone will find it useful. Good value, but limited by the current 
size of the user memory, though probably not for long .. . 


A REVIEW OF A TECHNICAL PRODUCT 
gives an assessment of a product’s relative 
standing in the marketplace and compares it 
technically and subjectively with its com¬ 
petition. The reviewer, experienced with 
similar products, usually gives an opinion 
of the product’s value for money. However, 
the HP-75C is the first one of its class in 
Australia so it’s not possible to review it 
in the usual manner. 

Don’t let anyone tell you that it can be 
compared with programmable calculators or 
home computers of the Apple/MicroBee 
species. It is also not in direct competition 
with the 'hold in the hand’ BASIC machines 
offered by Sharp and Tandy. 

A rare beast 

The HP-75C is labelled a 'portable computer’ 
and is primarily aimed at the businessman. 
The scientist or traditional calculator user 
will find it useful too but it is not targeted or 
tailored for them. What we have here is a 
new and novel beastie. 


Jonathan Scott 

So what is a portable computer? This 
review aims to answer that question and 
explain the differences between the HP-75C 
and other species. What it can do and what it 
is not suitable for will also be explained. In 
this review you’ll also be given a feel for the 
75C in a purely engineering sense, analogous 
to describing the sensuality of driving a 
proper sports car. 

The handbag computer 

The 'portable computer’ has often been 
described as being aimed at the 'briefcase’ 
market. The computer is packed with cap¬ 
abilities beyond the needs of a home 
enthusiast. And it’s packaged so that it will 
fit comfortably in a briefcase. This means it 
can be operated on your desk or while perched 
on your lap when you are on the train on the 
way to the office. 

Several manufacturers have already 
released or are currently in the final stages 
of testing such models. Digital Equipment 
have the WC11 (which runs PDP-11 and 


LSI-11 software) at the prototype stage. 
Tandy, Commodore and Texas Instruments 
are also talking about their models which 
should come out soon. But Hewlett-Packard 
have already released the 75C worldwide. 

A market research firm called Future 
Computing Inc. estimates that the market 
for pocket and briefcase units will top $1500 
million by 1987. So the early arrival of the 
75C will no doubt be an advantage. It is safe 
to assume that there will be, as always, 
imitators of HP, but the first good item on 
the market has a strong head start. 


So what is the HP-75C? 

It is a small package about 125 x 260 x 30 mm 
in size. It sports a small tactile feedback 
QWERTY keyboard with a number of 
additional control keys as has been the excel¬ 
lent practice on all HP desktops for many 
years. There is also a 32-character LCD 
display (lower case has descenders making 
the display quite pleasant and easy to read). 
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It has 16K of RAM as standard with 
expansion to 24K available now. Expansion 
to 32K is slated for release when memory 
becomes dense enough to allow 16K to be 
packed into the RAM expansion pocket, 
which is in the battery compartment. 

There are three ROM drawers in the front 
of the machine and each of them will accept a 
16K ROM module — more of this later. 

The operating system is a hefty 48K 
(compare this with the total of 16K of BASIC 
and OS in the Apple II plus). It will be 
immediately obvious to the well versed user 
that this system will be astonishingly rich 
and comprehensive. 

There are connectors on the back for the 
charger and the HP-IL interface which is 
HP's own small machine buss system. 

Finally, almost small enough to go 
unnoticed at the front of the keyboard, is the 
entry for the on-board manual card reader/ 
writer. This brilliant mechanism provides 
file storage on magnetic cards pulled through 
the reader by the operator's own hand, 
saving the cost and trouble of the mechanical 
drive system of previous generation card 

Before you reread the last few sentences to 
clear the glut of exciting thoughts, let me say 
that we will discuss each of the features in a 
little more detail shortly. Think about this 
— it is a machine with large home computer 
facilities, mass storage, display and keyboard, 
buss connection ability, expandability and 
low power consumption. And all this in a 
wrapper that fits inside even the thinnest 
executive briefcase or a handbag. 

It also has three hidden properties which 
push it beyond what you have previously 
seen on your side of a system terminal. 

(1) It always keeps time, from date to 
millisecond, making it available to both user 
and program. It can even fine-tune its own 
on-board reference crystal when compared 
to a standard. 

(2) It is never totally off and will keep track 
of appointments years ahead if necessary, 
sounding one of several different sorts of 


alarms at the required moment and giving 
any message you entered. 

(3) It has a file-structured operating system 
which allows tremendous power and gener¬ 
ality in its programs. This last item is the 
key to the understanding of the power and 
scope of the operating system. 

It is more friendly, in the software sense, 
than any terminal I have ever used. Yet it 
reminds me of the full file-structured 
arrangement on a Cyber mainframe from 
Control Data. 

So that's it in a nutshell, well, briefcase. 
What it will do and what it will not do will be 
discussed next. 

Tortoise characteristics 

The HP-75C is slow. This is because it was 
necessary to be stingy with regard to power, 
considering the power required to put so 
much on fine for 20 hours between charges 
(i.e: 20 operating hours). For a battery unit it 
is, in fact, damn fast. A for-next loop (a good 
benchmark) takes about 2.5 ms. 'Sine' takes 
nearly 50 ms. Dividing one variable by 
another takes 2 ms. There are mains 
powered home computers on the local market 
that are slower, but I wifi spare them the 
embarrassment of being named. The 75C is 
many times faster than certain other LCD 
types of'pocket computer'. 

It is excellently engineered but a necessary 
trade off puts it in the slow class. Con¬ 
sequently, forget about using it for numerical 
problems of a scientific nature if they are 
heavy on CPU time. You could run it for a 
week and be well behind a VAX run of 
20 minutes. 

Jt should also not be recommended for real 
time control operations, but then it is hardly 
likely to be asked to do this. A little slow but 
intelligent data logging is the limit. I do not 
regard this as a limitation. It is only an 
annoyance. For instance, although the key¬ 
board permits touch typing, I can easily 
outrun it if I type at my normal speed as it 
has but one stroke of input buffer on the 
keyboard interface. 


Dinosaur characteristics 

Another limitation is the current size of the 
user memory (16K). It is quite untenable to 
run any program which requires overlaying. 
To use the on-board card reader would 
require the operator to stand around and be 
the mass storage device. Even though the 
HP-75C can be connected via the HP-IL to a 
microcassette drive, which looks like a disk 
does to a terminal, the speed is predictably 
terrible. It takes some 20 seconds to record a 
typical file on tape. This is an excellent 
system for backup and storage of programs 
not in immediate use, but not acceptable as a 
midprogram reference. 

The 75C is built for programs of just a few 
kilobytes using no vast arrays of data, and is 
not slated for elevation to the 64K-plug 
memory bracket. If anything holds it back 
from great success it will be this property. A 
year ago I used machines of comparable size 
with 64K of RAM, although they didn’t have 
all the other features. So in today’s market 
this is a small memory machine. The under- 
2K type of pocket computer is even more 
ridiculous, of course, but then they do not 
pretend to be the same class of machine. 
They are more a computer user’s pocket 
calculator. 

So there are the limitations. If you can 
accept these, the 75C can be regarded as 
probably the best machine available to do 
your job. It is almost as fast to enter a pro¬ 
gram in HP BASIC into this unit as it is to 
create a program on a pocket calculator of 
the 15C type, yet you have a relatively vast 
amount of memory and a truly extensive 
operating system and range of commands. 
Thus it is almost as useful in the small job 
situation, such as one finds in the lab, as is a 
pocket unit. It is rather more cumbersome 
for direct, nonprogrammed mathematical 
calculations, but it will do them. In addition, 
it can tackle many problems thatdevices like 
the HP-41CV would find just too large. 

The inner intricacies and finer points will 
now be described. If you are not academically 









interested in the engineering of the 75C, and 
you are sure that this is not the machine for 
your needs, then this is the point to cease 
reading. 

Time mode 

The 75C has three distinct modes of oper¬ 
ation —- Time, Appointment and Edit. Edit is 
where the normal computing is done. 

Time mode exists purely for setting the 
time and display formats, setting and adjust¬ 
ing the time itself and fine tuning the 
device’s timekeeper. The date format can 
be US or European. The time is 24 hour or 
AM/PM. The calendar used by the appoint¬ 
ment mode may be set to assume appointments 
to be less than one year ahead. Or it may be 
instructed to attend to years-ahead type of 
appointments if you wish to go to the effort 
and pay the memory bill. 

The time may be set by either entering a 
date/time setting directly or by telling the 
computer the relative amount to be added or 
subtracted from the current time. If given 
two times spaced a week or so apart and told 
that both are 'exact’, the 75C will compute 
a correction factor (soft implemented) to 
compensate for small errors in the internal 
reference. 

The clock functions make four BASIC 
words available: TIME, TIME$, DATE and 
DATE$. TIME gives the time today in the 
form of the number of seconds since midnight, 
as a real number to three decimal places 
(milliseconds). TIME$ is a string looking 
like 'HH:MM:SS\ Date data is similarly 
available. DATE is in the form YYDDD (7th of 
January 1965 would be 65007) and DATE$ 
appears as'YY:MM:DD’. Very useful indeed! 

Appointment mode 

Appointment mode allows the setting, 
inspecting and acknowledging of appoint¬ 
ments which are data/time combinations 
stored in the memory with appropriate 
commands or messages. The 75C wakes up 
and executes commands or delivers messages 
whenever the appointment time arrives. 

Appointments are simply set by means of a 
template. This means that when you wish to 
set an appointment you are given a display of 
the form 'Day Dy/Mo/Yr Hr:Mn**#lN!Note’. 
Next you type in the minimum of required 
data. For instance, if the appointment is for 
next Thursday, type 'thu’ over 'Day’ and skip 
all the date stuff which will be supplied by 
the HP to fit the very next Thursday from 
now. Then enter the time where the ** 
means 24-hr mode or AM/PM. The number 
after the#tellsthe HP what sort of noise you 
want as an alarm, from none to a perpetually 
occurring siren. The following alphabet 
character decides whether the alarm is to be 
a one-shot or whether it is to repeat at some 
interval. If repetitive, it will ask the interval 


with another template. Finally, the right 
hand field contains a message, or a BASIC 
command such as to run a program. 

In Appointment mode you may thumb 
through the appointments currently in the 
file. Although associated with the special 
part of the OS which manages and responds 
to the entries, the file of appointments is a 
free file in the computer’s memory. So it is 
possible to edit this file under program con¬ 
trol or put it on mass memory or replace it 
with a different appointment file or even 
merge it with another appointment file. 
Thus the appointment system can be very 
flexible and, as the machine is always watch¬ 
ing whatever file is called 'appt’, it is quite 
powerful. 

Because of the machine’s size it is not 
much more difficult to carry around than a 
notebook. Consequently, one finds oneself 
putting all the things you have to remember 
into the appt file, confident that this 'book’ 
will not only hold your appointments, but 
remind you to read it at the appropriate 
moments! 

Edit mode 

This is where the file handling and computing 
is done. There are appt files, key files, BASIC 
files, TEXT files, LEX files and LIF files. 

The appt files, we have already noted, are 
associated with the appointment system. 
Only the one called appt (lower case, no 
quotes) is scanned by the appointment part 
of the OS, but other appointment files may 
reside in memory under other names. They 
may also be handled by any on-board process 
which does not specifically require some type 
of file. For example, they may be merged 
with other like files, but of course they can’t 
be run as a BASIC file. 

'Key’ files are similar to appt files. The 
active key file is always lower case and not in 
quotes and is always taken into account by 
the OS. Other key files may reside, but only 
one is active. The active key file modifies 
certain or all of the front panel keys. Any 
keystroke may bp redefined by use of the 'def 
key’ statement which permits any string of 
characters to replace the character of the 
redefined keystroke. For instance, we might 
replace the '!’ key with the command 
"run'progl”’. Now every time you gq to type 
'!’ the program 'progl’ will run. 

Although any and all keys may be 
redefined it is usually stupid to redefine keys 
you are going to need a lot, for obvious 
reasons. You could turn all keys, shifted keys 
and control keys, into the symbol '9’. But that 
would mean that you could not do anything 
or regain control without resetting the whole 
computer and losing all memory. Unless you 
redefine it too, the command shift I/R will 
restore original keystrokes for one key, only 
by effectively telling the 75C to ignore keys 


for one input. You can override the off 
command by redefining its key under pro¬ 
gram control, etc. So the astute reader 
will now begin to appreciate the amount of 
deviousness which is possible by fooling 
about with the keys . . . 

In general, it means that all your common 
commands or keystroke combinations can be 
reduced to one press each by having suitable 
redefinitions active. As most of the control- 
key combinations are not going to interest 
the user much there are plenty of keys on the 
keyboard which can be sacrificed to give you 
a repetoire of user keys. Several different 
repetoires may be built up. For example, you 
may have a set of key definitions useful when 
developing programs, another for running 
them and another for debuggiiig. The one 
you need may be made the active one simply 
be renaming it as key (lower case, no quotes 
for the active file). 

BASIC files are self explanatory. They 
are files containing only those characters 
it is legal to have in a BASIC file, which 
means most of the legal commands of the HP, 
inclusive of OS type functions such as editing 
commands, etc. 

There is one property of HP interpretive 
machines which affects only BASIC files and 
with which you may not be familiar, because 
no other make of computer I have ever seen 
possesses it. Each line of a BASIC file is 
checked for syntactical errors as it is entered. 
Errors, which on another machine would 
only show up at run time, are instantly 
detected and brought to the user’s notice 
while the line is fresh in the mind. No line 
containing an illegal statement can ever be 
entered. Lines with ambiguous mathematics, 
missing brackets, typos, unsupported 
functions, incorrect parameters, too many 
parameters, incorrect delimitiers or for¬ 
bidden command sequences can never appear 
in a BASIC file because they are found as 
soon as you press return to enter the line. 
This is just beautiful. It is by no means 
new to the 75C, but it is worth a tremendous 
lot to a program developer. This asset is 
largely responsible for the unique degree of 
'friendliness’ achieved by HP machines. 

TEXT files are files which may contain 
anything. The main difference is that no 
check is applied at the input to see that it 
is legal for the particular job, in the way 
that BASIC or appt files are checked. TEXT 
files may be converted to BASIC files and 
yice versa, but the checking is only applied 
to lines going into a BASIC file from a 
TEXT file. 

TEXT files are primarily useful as data 
repositories. The HP implementation of 
BASIC has data and read commands as does 
the usual BASIC of other manufacturers. 
But as we’ve already said, it is in a file 
orientated environment so it is well equipped 
to use one file quite apart from the input data 
file being run in the program, as one does on 
a terminal in a large system OS. Such files, 
Which might contain names and addresses or 
a shopping list or a company stock list, are 
TEXT files. 

Similarly, output need not be printed or 
displayed but may be stored away as a TEXT 
file either for printing later, plotting or as a 
data file for another program to use as input. 
Or it can be used for all of these functions. 

As an example, a BASIC file called 
'ACCOUNTS’ might act on input file 
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'FEBSALES’ to produce 'BILLS’ which will 
be used by 'PRTBlLLS’ to produce a set of 
account statements on a printer for posting. 
TRTBILLS’ will use 'CLIENTS’, as well as 
'BILLS’, to output the addresses to which the 
statements must be posted. When a payment 
is received 'PAYIN’ will modify 'BILLS’ to 
show what is paid as well as print out the 
receipt to be posted to the address that is 
supplied by 'CLIENTS’. And so it goes. 
'FEBSALES’, 'BILLS’ and 'CLIENTS’ couid 
be organised as BASIC files, but it is 
probably easier to just have them as lines 
of text, searched by the BASIC program 
accessing them. They would then be TEXT 
files and could be typed in as they appeared 
in the record books of the last accountant. 

LEX files are 'Language Extension’ files. 
These are binary files which make more 
command words available in the language. 
The user does not write these — they come 
from HP. As was mentioned earlier, there 
are three small drawers in the front of the 
75C which accept 16K ROM expansion pods. 
LEX files, scheduled for release later, will 
most likely be available in this ROM form. 
Although it is possible to have a RAM- 
resident LEX file, it is perhaps better to have 
it in a ROM form as then none of the free (and 
precious) memory is lost. It is anticipated 
that these files will be specific to some dis¬ 
cipline such as accounting or electronics, etc. 
The ROM pods, it should be made clear, do 
not need to contain LEX files alone. They 
may have runnable BASIC files or whatever 
else. 

The final type of file is a LIF file, or 
'Language Interchange File’. These exist to 
facilitate the transfer of files from 75Cs to 
other types of machines. BASIC and TEXT 
files may be transformed to LIF files, and 
vice versa, for transmission or receipt of 
foreign flies. This facility will be important 
to the user who wishes to hook up his 75C to a 
larger company system. Not useful otherwise. 

Yours to command 

As was pointed out earlier the OS is partic¬ 
ularly rich and comprehensive. In such a 
short review as this it is not possible to 
mention all the ingenious and useful things 
the 75C can do. Briefly, some df the unusual 
commands are: 

POP which kills the last subroutine call 
return pointer in case you decide that this 
subroutine should never return; 

PUT which places a character in the key¬ 
board buffer under program control (very 
devious and useful when appreciated); 
LOCK which places a password on using the 
system, just like a terminal; 

CALL which allows entire programs to be 
run separately as if they are subroutines, but 
without the interaction of variables; 

EPS is the smallest non-zero entry; 

INF is the largest entry; 

DIV for integer division (or the ’V symbol); 
ON TIMER # which establishes regular 
interrupts to one of any number of routines; 
DEFAULT OFF/ON which disallows or 
allows the substitution of default values for 
results of otherwise illegal operations with a 
warning message instead of'halt with error’ 
message, e.g: use of a variable not previously 
defined or division by 0, etc. 

These are just a few to stimulate interest. 


There are also quite a few powerful (though 
not novel) development and debug commands 
which you may be surprised to find in this 
little box: 

FETCH 'string’, line no which seeks a 
particular string in the file being edited; 
TRACE FLOW/VARS which enables a 
short form execution pathway explanation; 
RENUMBER which renumbers all lines 
and adjusts all jumps and line references 
to match — particularly necessary for 
unanticipated MERGES. 

Is it worth it? 

Supplied with the 75C given to ETI for 
review were the microeassette drive 
(HP-82161), the 'two-inch’ thermal printer 
(HP-82908B) and the video interface 
(HP-82163). There are also available for the 
HP-IL buss a plotter, an 80/132 column 
impact printer and numerous application 
books. And soon to come are an interface to 
the IEEE buss, 8- and 16-bit straight 
interfaces, RS232-C interface and ROM plugs. 
Prices without sales tax are: 


HP-75C $1395 

Microcassette $617 

Thermal printer $617 

Video interface $308 

8K expansion (to 24K) $275 

7470 plotter $2000 

Inipact printer $ 1185 

Books + cards of progs $49 ea. 


Commenting on value is very difficult, as 
was pointed out earlier. The 75C is a machine 
whose OS stands out as supreme and I am 
thus tempted to say that it is excellent value 
because of this. However, the OS has evolved 
over more than a decade and is remarkably 
similar to the one in the HP-85 and 87 and 
indeed the 200 series desktops. (There are 
plans for the release of a cross-development 
package for the transfer of 85/87/9836/9826/ 
9816 software, even in Pascal, to the 75C.) 
This implies that there are fewer develop¬ 
ment outlays to be written off in the initial 
costs of the 75C firmware than One would 
have thought at first. So the price does seem 
high. Nevertheless, it is not bad value for 
your money. It’s the price one would expect to 
pay for a sophisticated product. You may rely 
on the fact that you are not getting a raw deal 
on the 75C itself. 

The 8K of expansion is excellent value. I 
would have advised that you shouldn’t think 
of buying a 75C without it. However, the 
impending release of a 16K expansion board 
would make the 8K obsolete. If you are able 
to pin HP to a date when the 16K expansion 
board will be available, then hold out for it. 
Considering the RAM size, it would be worth 
it at more than double the money. It could be 
agonising to find yourself with an 8K board 
in 12 months time! 

The microcassette drive is an excellent 
piece of engineering in itself. It stores around 
130K on a microcassette which is moved and 
read very fast by a battery operated unit. To 
program, it looks like a disk. It is driven 
using file specifiers within file names, like a 
mainframe system. However the 75C comes 
with its own mass storage which is not as 
nice, but not $617 either! I would say that 
this is the only way to go if you plan to do 
serious business programming like the 
accounting example I gave earlier. Talk your 


company into buying you one, but I do not 
think you will get value for your own dollar, 
already having a card reader. 

If you develop programs larger than a few 
kilobyte it is painful to do without a printer. 
And I must, in all honesty, say that I used the 
printer. But I recommend that you try to do 
without one. It is costly and nasty in the size 
sense. The two-inch species of printer is not 
really worth it. One such printer would be 
good value shared between three to six 75C 
users, each with their own 75C, but not 
otherwise. With the HP-75C’s impending 
ability to hook up to big brothers, the printer 
can be circumvented, 

The impact printer would need some 
justification in view of its cost, but if your 
application looks like needing a document 
quality printer then consider it. ETI has not 
seen it and so is not in a position to comment 
on this unit’s value. It is my personal (but 
definite) opinion that a better way to go 
would be an interface (RS232-C?) and some¬ 
thing like a letter-quality Olivetti daisywheel 
printer/typewriter. One should be able to get 
a superior printing system of immaculate 
quality for around the $3000 mark. 

In a nutshell, avoid the printer if possible. 
This is not to be taken as a reflection of the 
printer’s engineering quality. The small 
thermal printer is a good example of its 
genre. It is fully self-contained and battery 
powered. Compared to a mains powered 
thermal printer, this printer is fast! It has a 
buffer allowing the system to avoid being 
slowed down on small print jobs. It is a good 
printer, but costly for what a user of a con¬ 
tinuous memory device with built-in mass 
storage will be likely to get out of it. 

The video interface is likewise a good piece 
of engineering. Perhaps I am not the person 
to comment on such a device as I have a 
strong aversion to any system that puts 
characters up on a plain TV or raster type 
monitor. The interface needs a good quality 
monitor in order not to strain the eyes. It has 
both TV and video outputs and keeps two 
screens of data in its memory. 

If you have the printer you will find that it 
is relatively easy to do without the monitor 
facility. However, if you are going to use a 
program that puts a lot of data up for the 
operator to view simultaneously, you will 
need the video interface. I would suggest 
that you buy the 75C and familiarise your¬ 
self with it first, before making a decision 
about buying the video interface. 

Although I did not see any of the application 
books, they are available and experience 
suggests that $49 each, including the con¬ 
tained programs on card, will be good value. 
Application packages tend to be general and 
thus rather inadequate for a user’s specific 
job. But in the past HP have provided 
excellent explanations and documentation 
so you can modify their programs to suit your 
needs. This, coupled with the fact that the 
programs are on (modifiable) magnetic cards, 
means that the cards will be useful. Although 
sometimes the ROM based ones are not 
so useful. 

All in all, I was very impressed with the 
HP-75C. Make sure that it will suit your 
requirements. But I have no doubt whatso¬ 
ever that you will be continuously using this 
forerunner of a powerful line of portable 
computers. • 
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NOTE: 

The address line inputs are connected to CMOS gates. This means that the address lines from the computer should be buffered with CMOS drivers to 
ensure that the high level voltage is above the switching threshold. 

However, if a TTL driver is used, such as a 74LS374 etc, pull-up resistors should be used to raise V 0H to the CMOS specification. A pull-up of about 
220 ohms is sufficient. 

The resistors may be conveniently mounted between IC4 and the DIL input socket on the component side of the pc board. There are five 
feed-through links in a diagonal pattern between IC4 and the input socket. Remove these and install the five resistors, bending them towards the 
copper area at the bottom of the board. Solder the resistor' leads through the feedthrough link holes on both sides of the board and solder the other 
ends to the copper area (+5 V rail). Murphy — go suck eggs! 


























Microprofessor MPF-1P 
reviewed 

Lance Wilson 

This complete microcomputer system gives step-by-step 
hands-on instructions into all aspects of the Z-80 microprocessor. 
Optional extras give it a wide range of practical applications. 



MANY READERS of ETI will be 
acquainted, either first hand or through 
reviews, with the Microprofessor MPF-1B 
trainer. This is an educational 
microprocessor development system which 
can be used by the computer buff as a 
self-teaching aid for micros. 

Multitech have done it again and come up 
with a higher level model (at a higher level 
price), incorporating a much expanded 
monitor as well as a viable 8K interpreter 
option. 

Designated the MPF-1P (for PLUS) it 
features a 16-segment display of twenty 
characters which will scroll to forty. This 
display is similar to the incandescent 
displays of some of the new portable 
computers and the Texas Instruments’ 
‘Speak and Spell’. . 

The unit comes in the same presentation 


as the standard MPF-1, a compact look-like 
package with the processor board in 
residence. There is mounting space for 
another full-size or two half-size accessory 
boards laid out in a very concise and 
accessible unit. The only ergonomic 
disadvantage is the tangle of wires and 
power supplies required to power a 
three-board system. 

There is a full range of accessory boards 
including printer, EPROM programmer, 
interface and memory board, speech and 
sound generation boards. A TV interface 
board is mentioned in a glossy brochure. 
However, no further details were available 
on this interesting option which promises to 
make the Microprofessor one of the most 
useful development systems available. 

The standard of manufacture is of the 
highest order. The quality of the circuit 


boards is A1 and they are particularly well 
laid out, especially where cutting and 
jumpering is necessry to accommodate 
different types of memory chips. 

MPF-1 P monitors 

When the unit is switched on the display 
comes up with ‘MPF-1P’. To enter the 
monitor, key-in a CONTROL plus the 
appropriate letter from the keyboard. This 
drops the system into the selected section of 
the monitor; for example, into the two-pass 
assembler or text editor. 

The expanded monitor provides a broad 
range of facilities which make it a more 
advanced design compared to the older 
MPF-1B. However, this added facility 
makes it more complicated. It results in an 
advanced piece of hardware which is less of 
a starter system and more of a software 
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MPF-1P 



This area of ROM occupies U4 which altern¬ 
atively can contain RAM at F000-F7FF. (This Is 
usually the less desirable choice) 

design apparatus than the MPF-1B. 

The monitor of the MPF-1B is restricted 
to operating the machine. So it is more 
limited in what it can do but its operation is 
easier to understand. 

As you probably know, the monitor is the 
software, usually resident at the bottom of 
the memory, which controls particular 
operations; i.e: when the user is accessing 
the system via the keyboard or during 
initialisation after the micro has been 
turned on or reset. At other times the 
computer may be under the control of a 
user program, either directly or via an 
interpreter. These may access the monitor 
subroutines for such purposes as display or 
data input. 

In other words, the monitor acts as a 
general housekeeper, looking after certain 
facets of the machine’s operation. It is 
possible to load data into desired memory 
locations via the monitor, either directly 
from the keyboard or from a tape recorder. 

Functions provided by the MPF-1P 
monitor also include a text editor, as well as 
a line assembler and two-pass assembler 
which will process assembly language 
including symbolic addresses. 

Documentation 

Included with the Microprofessor is a User’s 
manual, Monitor Program Source Listing 
manual and an Experiment manual. 
Multitech has produced well-detailed 
documentation in the MPF-1P Monitor 
Program Source Listing manual. However, 


the lack of circuit diagrams, as are available 
in the MPF-1B User’s manual, is a 
significant limitation for the hardware buff. 

It seems to be an oversight that these 
circuit diagrams are missing. From an 
educational point of view they are 
necessary, and a lot of the MPF-1P 
applications involve the construction of 
interfaces to mate with the real world. The 
User’s manual is very well detailed but it 
would be easier to understand if it had a 
different format. Now it is necessary to 
jump from the back to the front in order to 
find out how to enter a program via the 
two-pass assembler. Thus it requires several 
passes through the book for things to gel in 
the reader’s mind. 

On page 100 an example is given which 
should have beenin the first ten pages. This 
example helps to hang some of the material 
together; loading an assembly language 
program requires the use of the text editor 
to enter it and the assembler to process and 
lodge the machine code in memory. 

The Experimental manual is much the 
same as that for the MPF-1B. The section 
on the Counter/Timer Chip (CTC) has been 
transfered to the interface manual which 
comes with the Input/Output and Memory 
board (IOM) option. 

The Experimental manual is a good 
introduction to machine language 
programming, ranging from binary 
arithmetic experiments through to how to 
program a clock. 

The documentation occasionally lapses 
into a sort of Chinese-English language 
which does not make it easy to understand. 
There seems to be a need in Taiwan (and 
Japan) for people whose native language is 
English to write the manuals. Many larger 
Japanese companies, however, have seen 
the light and their equipment manuals are 
well written in English. 

In spite of these shortcomings, the 
information is adequate and quite well 
indexed. 

Options 

The IOM board is an interface option for 
the MPF-1P and provides the Parallel I/O 
chip (PIO), the Counter/Timer Chip (CTC) 
and the Communication Interface Chip 
(USART 8251). Thus experiments in both 
parallel and serial interfacing are possible. 

This option will not be detailed here since 
the handbook for the review machine was a 
draft issue only. It does have an extra 6K 
RAM and 4K ROM to expand the memory 
space (see memory map). 

The printer accessory for MPF-1P is a 
20-column matrix thermal printer with 
resident monitor EPROM and 
disassembler. The only significant 
difference from the MPF-lB’s printer is the 
monitor software. There is, similarly, a 
vacant EPROM socket for the user. 

It will list both BASIC and assembly 
language programs; the latter are input via 
the assembler, or disassembled from 
machine code. A limited graphical 
capability using the TAB function is 
possible, as well as the listing of data and 
results. 

BASIC is supplied as an optional extra on 
EPROM and seems to be on a par with any 
other 8K floating point BASIC. It does 



IOM-MPF-1P Input/Output and Memory board. 

This provides the Counter-Timer chip, the 
Communication Interface chip and the Parallel I/O 
chip kits to interface with the outside environment. It 
provides an extra 6K RAM and 4K ROM. 



PRT-MPF-1P printer. The optional micro-thermal 
5x7 dot matrix printer has 4K control ROM and prints 
20 characters per line. There is an optional 4K user 
EPROM and it has a built-in memory dump facility 
and dissassembler-listing utility. 


contain library functions such as SIN and 
RND, however, details will not be given as 
the handbook was not availble. 

Conclusion 

The MPF-1P is a most impressive piece of 
educational hardware, substantially 
fulfilling its obvious roles as both an 
assembly language trainer/controller and 
easily interfaced BASIC-language 
computer. 

As a first-off piece of hardware for the 
neophyte it has certain limitations which its 
predecessor did not have. However, these 
are balanced by its strengths such as a good 
BASIC interpreter and a more versatile 
range of peripherals. 

Many organisations have already entered 
microprocessor training via the MPF-1B. 
The MPF-1P provides a logical step forward 
for the advanced trainees, complementing 
the MPF-1B * 
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The pocket programmer's 
friend 

A utility package for the Sharp and Tandy pocket com¬ 
puters. The program assumes that the user has access to 

a bigger system and likes to program it in machine code. Tom Moffat 


PEOPLE HAVE TRADITIONALLY 
used the decimal number system, based 
on ten, because it matches the number 
of fingers they have to count on. 
Computers demand binary since their 
internal registers can only exist in two 
states. Then there’s hexidecimal, a more 
convenient way of expressing binary, 
using sixteen states. Anyone who can 
count hexidecimal on his fingers should 
forget about computers and join the 
nearest circus. 

The first three routines convert 
numbers from one system to another. In 
the pocket computer all the routines are 
called up in the 'defined’ mode, by 
hitting 'SHIFT’ and then the appropriate 
letter, 'B’_ 'D’,'H’,'Z’or'X’. 

B, D and H specify the number system 
being converted from. The computer 
will respond with 'CONVERT TO:’ and 
you again enter B, D or H. 

Program ‘B’ 

(convert from binary) 

You enter either 8 or 16 bits, 8 bits at a 
time, as l’s and 0’s. If an 8 bit number, 
enter 'O’ for byte 1 and then the 8 bits for 
byte 0. After a (somewhat.lengthy) pause 
the computer will beep and then deliver 
the decimal or hexidecimal equivalent. 
For another numer hit 'SHIFT B’ again. 

Program ‘D’ 

(convert from decimal) 

As the program is limited to sixteen bits 
the highest decimal number you can 
enter is 65 535 which represents all 
16 bits high. Enter the number in the 
normal way, and wait for the result as 
above. 



Program ‘H’ 

(convert from hexidecimal) 

The pocket computer doesn’t split 
strings, so you must do it yourself. Enter 
four hex digits separately, such as 
"0- ENTER -2- ENTER -A- ENTER -B- 
ENTER” for '02AB’. The conversion will 
appear in due course, after a beep. 

Program ‘Z’ 

This is not a number converter, but it’s 
probably the most useful routine of all. 
Without going into machine code pro¬ 
gramming too deeply, it can be said that 
it’s sometimes necessary to execute 
certain program steps 'out of order’, 
usually conditional on the result of some 
test. If you’re at some memory address 
and want to jump to another address, 
the actual instruction doesn’t usually 
say where to jump; it only says how far 
and in what direction. 

In this program you enter the 'FROM’ 
and 'TO’ addresses (in four digit hexi¬ 
decimal, as in program 'H’), and the 
computer responds with 'OOxx’ where 
'xx’ are the hex digits to be used in the 


actual instruction. Microprocessors 
limit the jump distance (called the 
'offset’ or the 'displacement’) to between 
-128 and +127 bytes. 

Any attempt to calculate further than 
this on the pocket computer will result 
in an 'OUT OF RANGE’ message, and 
usually much swearing on the part of 
the programmer. 

Program ‘X’ 

This does the opposite of program 'Z’ and 
is handy for working out how other 
people wrote their programs. You 
supply the current address and the off¬ 
set, and the computer tells you the 
address to be branched to. 

When running the above routines you 
will notice they are painfully slow, but 
this is the price of heavy number 
crunching in the pocket computer. They 
will allow you to work independently of 
your bigger system; for instance at the 
office, when you’re supposed to be doing 
something else (be sure to disable the 
BEEP statements in this case). 


TELETYPE POCKET COMPUTER 


USING *XXX' USING •'###" 


IT < 

GT > 

FtlR A 
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Program Listing 


10: 'B'GOSUB 640 
20; INPUT 'ENTER BYTE It ':,U 
30t INPUT .'ENTER BYTE OS ?:,V 
40! R*10:S«2 

50s IF U LET X»U:G0SUB 600:U*256Y 
60: X-VtGOSUB 600:T=U+Y 
70S IF Q$«'H' LET X*T:G0T0 300 
80S BEEP UGOSUB 650:END 

100: 'D'GOSUB 640SINPUT 'ENTER DECIMAL: *:,V 
110: IF.C$* 'H' LET X«V:G0T0 300 
120: R-2:s-io. 

130: X» INT (V/256)SIF X*0 THEN 150 
140t GOSUB 600tT*Y 

iso: x*v:Gosub 600 :u«y:beep i 

160: USING 'XXXXXXXXX'SPRINT 'BINARY*:,T:,U 
170S END 

200: 'H'GOSUB 640 

210: A- 10:B« l l:C» 12:D> 13:E* 14:F* 15 
220: INPUT 'ENTER HEX* '.G.H.I.J 
230: V* (( 165+H) . 16+1).. 16+J 
340: IF Q$* 'B' THEN 120 
250: IF Q$*'A .'RETURN 
260: T*VSBEEP.ltGOSUB 650 
270: END 

300: A**'0’:B$«'1':CS» , 2':D$.*3' 

301: E$='4.*:F$*'5.':G$*.'6':H$-'7' 

302: I$».'8':J$*'9'1K$*'A':L$*'B' 

303: M$*.'C':N$*?D':o$*'E':PJ«'F' 


310: X-X,/4096SO? INT X. . 

320: X*(X-C) . 16:R» INT X 
330: X*(X-R) . 16:s« INT X 
340: X«(X-S) . 16:T- INT (X+.5) 

350: Q=Q+l:R=R+l:S=S+l:T«T+l:BEEP 1 

360: PRINT 'HEX* ':,A$(Q>:.A$(R>t,A$(S>t,AS(T) 

370: END 

400: 'Z'OS*'A':PAUSE 'FROM...' 

410: GOSUB 210:K*V+2 
ffiO: PAUSE 'TO...' 

430: GOSUB 220:L=V 

440: M=L-K:IF (M LT -128)+(M GT 127JPAUSE 
'OUT OF RANGE.*:GOTO 
450: IF M LT 0 LET M=M+256 
460: X-M:GOTO 300 

500: 'X *0$ = *A • tPAUSE 'CURRENT ADDRESS...' 

510: GOSUB 210SK-V+2 

BOS PAUSE 'OFFSET VALUE...' 

530: GOSUB 220tL-V 

540: IF L GT 127 LET L*L-256 

550: M»K+L:X»M:GOTO 300 

600: Y*OtFOR W»0 TO 7 

610: Z* INT (X/R) 

620: Y*Y+(X-RZ) . S PWR W:X*Z 
001 NEXT w:RETURN 

640: CLEARtINPUT 'CONVERT TO: ':,C$:RETURN 
650: USING 'XXXXXX*SPRINT 'DECIMAL*•:,TtRETURN 


Night 


&Day. 



Magmedia gives you the 
best of both worlds. 

To keep our customers 
happy we have to offer a 
balanced range of the best 
'computer products on the market. 
To maintain balance the 
universe offers us night & day. 

For the same m /reason Magmedia offers you Xidex 

and Datalife^ flexible disks. 

Take your pick from the best in the world. 








Hints for CHIP 8 
programmers 

Part 1 

For owners of the ETI-660 Learner’s Microcomputer, the 
COSMAC VIP, or any other machine running CHIP 8, this 
short series will help you with programming and to 
understand a little more how the computer works. 

THIS SHORT SERIES of articles has _ 


been compiled from the contributions of 
several authors and will cover such 
aspects of CHIP 8 as the various dialects 
and how to translate between them, dis¬ 
playing data and characters on-screen, 
sorting, using the sound generator etc. 
Let’s go to it, then! 

Dialects & Translation 

Frank Rees, Boort, Vic. 

At present, there are three main CHIP 8 
dialects. The earlier two, which we will 
call CHIP 8 dialect 1 (CHIP 8.D1) and 
CHIP 8 dialect 2 (CHIP 8.D2), have 
programs listed from address location 
0200 onwards. The dialect used in the 
ETI-660, which we shall refer to as 
CHIP 8.D3, has programs listed from 
address location 0600 onwards. As a 
result, any programs written for CHIP 
8.D1 and D2 must be relocated to 
0600 onwards to run on the ETI-660 
under CHIP 8.D3. Thus, all instructions 
containing addresses must have 400H 
added to them. These instructions are: 
0MMM 
1MMM 
AMMM 
BMMM 

Two of these are special cases — 0MMM 
and AMMM. The first, 0MMM, refers to 
a machine code subroutine and this part 
of any program may require rewriting, 
preferably with a CHIP 8 subroutine, 
where possible. The other special case, 
AMMM, is the 'pointer’. If it points to a 
location in or at the end of a program, 
OK. But A100 to A1FF in CHIP 8.D1 
and D2 refers to the screen memory 
which starts at location 0100H whereas 
in CHIP 8.D3 it starts at 0480H. Any 
other AMMM pointers must be studied 
with knowledge of more memory 
allocation differences (i.e: refer to 
the machine’s memory map. For con¬ 
venience, the ETI-660’s memory map is 
shown in Figure 1). 

Now follows some useful routines you 
can incorporate in your own programs. 


Captions-to-Screen Movers 

Frank Rees, Boort, Vic. 


In the CHIP 8 Column on page 108 of 
the August ’82 issue of ETI I showed 
how we can, with the aid of the FX55 
instruction, 'stack’ the contents of 
variables in reserved memory locations 
beginning at a location indicated by the 
'pointer’ AMMM and later recover them 
with the same pointer and the FX65 
instruction. The same combination of 
instructions was used also to shift 
16 consecutive bytes into view on screen. 

Now, to move more than 16 bytes 
there are many options, but before 
getting right into it, switch on the com¬ 
puter and try the routine listed in Table 
1 for moving data to the screen. Table 1 
shows two methods. Method 1 takes 
data from consecutive memory locations 
and stores it in consecutive memory 
locations. The differences between 
Method 1 and Method 2 are threefold: 
(i) Method 2 is confined to use in screen 
memory; (ii) It moves bytes of data from 
consecutive memory locations and stores 
them at locations that are eight bytes 
apart. 'Move’ is used in the computer 
sense, but actually means 'copy’. 
Because each line of screen is made up of 
eight bytes, this results in each byte 
moved being stored under each other 
and, in this case, forming a block that is 
one byte (or eight bits) wide by 16 bytes 
deep, which gives us an 8-bit x 16-bytes 
matrix of 128 dots. With this you can 
construct graphics and alpha-numeric 
characters; (iii) When the DXYN dis¬ 
play instruction is used to move data to 
screen, it only 'selectively erases’ any 
previous display. Erasure only occurs at 
points where the previous display and 
the new one coincide. Example: if you 
displayed 0 and later displayed 0 in the 
same spot, it would be erased, but if you 
displayed 8 on top of the original 0 then 
only the centre bar of the 8 (one dot) 
would be displayed. This can be used to 
great advantage in graphics. 



Figure 1. Memory map of the ETI-660: The memory 
map of the VIP VP-111 (CHIP 8.D2) can be found on 
page 78 of the April ’81 ETI. 

The DXYN instruction can be read as 
"display at horizontal coordinate X and 
vertical coordinate Y, N number of 
bytes”. The X,Y coordinates are num¬ 
bered from the top left hand corner of 
the screen, remember. Note that X is a 
left-to-right count of bits in eight bytes 
of each line, 0 to 3F (hex), a total of 40H 
(64) bits across the screen. Also, Y is a 
top-to-bottom count of lines in screen 
display of 0 to IF for the VIP etc, and 0 to 
2F in the ETI-660. Figure 2 shows the 
two screen configurations. This totals 
20H (32) lines in the VIP etc, and 30H 
(48) lines in the ETI-660. Note that N is 
numbered one to zero which equals 10H 
(16 decimal). Two variables, often A and 
B, are assigned to hold the current value 
of coordinates for the 'pointer’ to be com¬ 
puted by the DXYN instruction. 

The objective is to display captions. If 
we use the five dots high by three 
dots wide format of characters, as used 
in the 'memory window’ display in the 
bar at the bottom of the screen, then 
either Method 1 or Method 2, suitably 
modified to move, would do. 

While CHIP 8 is fast for game visuals, 
it’s lost for words without some help. At 
present, we shall not discuss how data 
was raised but only how to move and 
display it. 

While studying a CHIP 8 program to 
find out how it let you know game 
results it was found that a machine code 
routine had been used for this section 
of program and, as it limited a good 
program to one machine design, the fol¬ 
lowing Method 1 CHIP 8 version of the 
routine was written. What the routine 
does is to display across the top of the 
machine one of three messages indi¬ 
cating your performance at the end of 
a game. 

Table 2 shows Method 1 expanded to 
move a lot more than 16 bytes and has 
been commented to show how it operates. 
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3F (64 bits) 



To find out what the game results 
captions have to say, enter the program 
and run it. Pressing any key will throw 
up a display. As you press keys nearer 0, 
the display gets more complimentary. 

Table 3 shows Method 2 also expanded 
to move a single message which again, 
you’ll have to enter and run to read what 
it says. 

Note: In the program listings, some 
instructions have another instruction in 
brackets following, e.g: A480 (A100). 
The first refers to ETI-660 instructions 
(CHIP 8.D3), those in brackets refer to 
the equivalent in other CHIP 8 dialects. 


Figure 2. The two dif¬ 
ferent screen areas used 
by CHIP 8 dialects. The 
smaller screen (down 
to 32 lines) is used 
by CHIP 8.pi and D2, 
the larger is used by 
CHIP 8.D3 (as in the 
’660). 


— to be continued. 


0658 0258 





Method 2 

VA=0,use as screen X coord, 
at left hand edge. 


VB=4,^use as^screen Y coord. 


DABO 


1660 (1260) 


Display data starting at X,Y 
16 bytes, 8 bytes apart. 

GOTO seif to 'stop’ 

16 FF bytes 
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Hints for CHIP 8 
programmers 


IN THIS PART you can learn how to put big 
scores on the screen, explore the operation 
of the sound generator and learn how to 
use it in programming and cap it all off 
with a bunch of fun subroutines from the 
indefatigable Frank Rees. 

Music Maker 

Peter Collins, Springvale South, Vic. 


While exploring new uses for the ’660 I 
decided to write a 'song’ using notes from the 
Song In the Key of Yale program published 
with the Programming in CHIP 8 article, 
November 1981. This was fine, but how could 
I develop songs in different keys? I then 
decided to develop the following program to 
assist. Keys on the keyboard are used to con¬ 
trol the program and step through the tones, 
displaying the hex value of each note on the 
screen. Here’s what each key does: 

KEY 0: Tone generator starts at the 
highest tone and steps down 
in pitch. 

KEY 5: Stops the tone at the step it is on. 

KEY 1: Repeats the tone of a value 
displayed on the screen. 

KEY 4: Manually increases the tone one 
step for each key press. 

KEY 6: Manually decreases the tone one 
step for each key press. 

KEY 2: Causes program to jump to song 
routine. 

You can write a song by setting the duration 
of the tone required using Variable 1 (VI) 
and setting the tone using Variable 0 (VO). 
Then follow with a 'do tone’ instruction — 
27B0 if no space between tones is required, or 
'do tone with space’ using 278C. If the tone 
duration and pitch are not changed a further 
'do tone’ instruction will repeat the tone. If 
a change in either pitch or duration is 
required, or both, these are changed before 
the next 'do tone’ instruction by settng the 
values of VO and VI as required. 

Spaces are located in routines which can 
be called as required. A short space is located 
at 078E and 'special’ spaces are located at 
0776, 077A, 077E and 0782 by setting V4 
then jumping to a timer loop which controls 
the duration of the space. 

Five-digit scoring 

Raymond Jones, Eltham Nth, Vic. 


This routine extends the counting capability 
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of the ’660. Instead of the normal 0 to 255 
count available with the interpreter this 
counter allows 0 to 99999 count, just the shot 
for those long duration, high scoring games. 

It is intended to be used as a subroutine. 
All variables used are stacked from 07F8. 
The value to be added must be variable A, 
i.e: VA. 

Note that VA cannot exceed 245. If a score 
higher than this is required to be added then 
the routine will need to be accessed twice, or 
more (245 = F5). 

The coordinates of the score are: 
Horizontal — V6 
Vertical —V5 

Program operation: 

0700 — 070E initialisation. 

0710 — 074C incrementation & sorting. 
074E — 0756 storage and retrieval of 
variables. 

0758 — 0776 display of value. 

When used in a program it will be first 
required to initialise the counter by going to 
0700, i.e: a 2700. To erase the present score 
in preparation for the new score jump to 
0754, i.e: a 2754. To display the new score 
jump to 0710, i.e: a 2710. 

To check the operation of the subroutine, 
use this simple program: 

0600 2700 2754 6AXX 2710 1602 
where XX is the value to be added (hex). 

If all works OK then save it on tape for 
future use in your extravagant programs 
(save from 0700 to 0777 to avoid erasing a 
program you may be working on). 

Fun routines 

Frank Rees, Boort, Vic. 


Here’s something to have fun with. Table 4 
lists a group of routines which can be 
incorporated in other programs by them¬ 
selves, or can have a program written around 
them. As they stand you can enter and run 
the complete set and see what it does. It can 
write a four letter word on screen (oooohh! 
— Ed.), it can make black white and white 
black, no argument, then sort the screen out 
with a routine you may have heard about but 
not 'seen’ — the bubble sort. 

Each of the routines is 'called’ as a sub¬ 
routine with a 'key wait’ separation between 
each subroutine call. 


Part 2 


As I said before, the routines can be used 
on their own and can be made more effective. 
For example, try writing out all but the Four 
Letter Word routine by putting a GOTO, to 
jump, or replace, unwanted instructions. 
Have a go at changing one instruction to 
change word length. 

To speed up the bubble sort routine a bit, 
reset and change the instruction at location 
0616 (0216) from 6B19 to 6B01. The Bubble 
Sort routine is well down memory so you can 
use it with other ideas you may like to try 
without needing to relocate it. A very 
effective display is created by producing a 
random dot pattern followed by a bubble sort 
and then repeat without erasing the screen 
between runs. Leave it running for a few 
hours and watch it. Fascinating! 

Both the Screen Invert and Bubble Sort 
routines demonstrate the need for machine 
code to speed things up, but in their present 
form they make observation on working 
possible without any delay. 

The technique used in the Bubble Sort can 
be slow, even though machine code and more 
advanced techniques are used in many 
practical applications. Be sure after a bubble 
sort to reset and have a look in screen 
memory, starting from the top, to see what’s 
been going on. 

The program runs 'as is’ in the ETI-660 
with its CHIP 8.D3. For other dialects, the 
instruction at locations 0638,0644,0746 and 
076C will need to be changed to A100. 
In CHIP 8.D2 computers without extra 
memory, no other changes are required 
as addresses 0200-03FF and 0600-07FF are 
the same locations. For other CHIP 8 com¬ 
puters with extra memory at 0600-07FF, you 
will need to add a 1600 instruction at 
location 0200. All others will need to 
have the program relocated to 0200-03FF 
and this involves changing 1MMM and 
2MMM instructions. 

References to 16MM, 17MM, 26MM, and 
27MM would be changed to 12MM, 13MM, 
22MM and 23MM respectively. 

The program contains some useful ideas 
for study. Try the 'complement’ function of 
the inverse screen routine at locations 063E 
to 0643 on paper, in binary. 

You can run the Four Letter Word routine 
as a game on its own. Change the instruction 
at 0608 from 2634 to 1600. For random dots 
to sort, change the instruction at 0640 from 
8205 to C2FF. 

Have fun! 








FIVE DIGIT COUNTER 

0700 6000 6100 6200 6300 6400 6612 670A 174E 
0710 A7Fd F765 dOA4 8076 4F00 1720 7101 1716 


6400 E4A1 17AA 6401 
17A2 6404 E4A1 179G 


610C 6021 
27B0 277E 
610C 601C 
277E 26A0 
278C 6X30 
6021 27B0 
610F 602A 
601C 278C 


268A 2782 
6021 278C 
278C 278C 
610F' 602A 
278C 2 


OOEE 277A 
27B0 2776 
60FF 27B0 


E4A1 17A6 6402 E4A1 
6406 E4A1 1798 1600 
26A0 611A 6021 278C 
6130 6025 278C 277E 
6025 278C 6120 602A 
27B0 611C 6021 27B0 
278C 6120 601F 27B0 
278C 602A 278C 6025 
16B6 610F 602A 27BQ 
6120 601C 27B0 OOEE 
27B0 601F 27B0 611C 
60BC 6120 27BO 2776 
27B0 2776 60E0 6118 
277A 60C4 610E 27B0 


64D0 1784 6477 1784 64D0 
1784 6433 7401 3400 1784 OOEE 27B0 64F0 
7401 3400 1790 OOEE 7001 179E 70FF 6501 
17AE 6502 1620 6501 17AE 6500 6000 610F 
FOOO F11S F118 F207 3200 17B6 4502 OOEE 
27D0 6405 E4A1 1600 4501 1600 7001 17B0 
OOEO A7FE F055 6A20 6B15 F029 DAB5 07F0 
A7FF F065 6A1B F029 DAB5 A7FE F065 OOEE 
F807 BEF8 FEAE EE72 F6F6 F6F6 73D4 


CONTROL ROUTINE 



SUBROUTINE 3 - BUBBLE SORT 


<F VF=00 causes flag VF 


SUBROUTINE 2 - INVERT SCREEN 


otherwise go through 100 bytes again 


076C A480 1=0480(A100) se 
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Time flies on the TRS-80C 



Here are two clock programs for the Tandy TRS-80 
Color Computer. They take advantage of the colour graphics 
capabilities built into the Extended BASIC and there’s plenty of 
scope for further development, like adding comments, reminders, 
etc. In other words — start here and take them as far as you like! 

Greg Wilson 


YOUR EDITOR asked me to write a program 
for the TRS-80 Color Computer. Beaut! But I 
wanted to write an automatic program 
generator for the 4K machine. Computer- 
illiterate teachers would be able to create 
cassette data files without having to throw a 
switch. The program would throw questions 
to students and feed the teacher’s voice 
response for the chosen answer and . . . and 
everything! Your Editor said, "Yeah, fine but 
I want a clock program first”. 

I had never seen a clock program. I 
shuddered and quickly turned away from 
one I saw running in a Sydney shop. (I now 
wish I hadn’t.) No teacher ever taught me 
about radians, I’ll swear. 

’Twas a weekend when I started, no one 
to ask, so I forged ahead (well, groggily 
staggered) to produce the second listing 
printed here. A brief burst on that one later, 
it has a few good points. 

I was then told by an acquaintance of 
mine, Dave Gilbert, an educator not a 
teacher, that "pi converted theta, as in 
x coordinate of points, on a circumference is 
given by sine theta, where theta is the angle 
in degrees”. Back to scratch, but it was a 
breeze. 

Because of the TIMER function of the 
80C’s Extended BASIC, it will give digital 
time readouts with just one line in ,a main 
program. To use the 8QC as a graphic clock is 
silly unless the graphic program is quick 
enough to give the computer plenty of time to 
get on with something useful. 

The first listing (CLOCKSUB) does its job 
in one-twentieth of the real time, so you can 
GOSUB from line 280 to your own more 
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sensible program. (The second gobbles up a 
third of the real time. It’s pretty, but!) There 
is plenty of room left on the screen for time 
updates from your program. You had better 
brush up on all the DRAW type commands, 
though. Not the trillion combinations, just 
the fifty-odd commands. Sorry for writing 
in Extended BASIC if you haven’t got a 
16K machine. Complain to your Editor! 
There are heaps of programs for the 4K 
machines, anyway. 

Program chunks 

The action starts at line 200 in 'CLOCKSUB’. 
Before line 200, arrays are filled for the sixty 
screen-points reached out to by the minute 
hand. The hour hand demanded sixty, too. At 
140, the graphics of drawing the clock start. 
That horrible line 200 draws the little flicks 
at each minute stop and a larger point every 
five. I prefer brown on beige (140) to the 
other one that looks like a blueprint. (A 
shame that the best of the five 80C Invaders 
uses it.) 

You don’t like the beige? Change it then. 
Ignore those librarians who told you that 
magazines were not to be written on but kept 
in racks. 

The second timing loop (260-300) displays 
a 4x4 pixel open box (PSET,B) just inside the 
clock rim. It turns that box off (PRESET) 
before leaping to the next. The minute-hand 
loop (230-340) has to work harder, but less 
often. It goes through the same on and off 
carry-on (lines 240 and 320, respectively). It 
also has to PSET (330) the hour hand if it has 
lobbed on it and rubbed it out when it did 


a PRESET to itself. The hour hand doesn’t 
use a loop but works on updating (250) the 
variable H set (220) as minus one. Maybe I 
just like being able to turn out off-normal 
time. Read on for why, or skip the fine print. 

Fine print 

When I began fiddling with micros, memory 
was valuable so I developed the habit of 
hoarding variable storage by re-using a 
variable after it had served its original 
purpose. Variable 'R’ was so easy to remember 
as a radius (20 & 190), and T (40 & 180) is so 
generally used for any old loop, that I pulled 
them off the junk heap to use again. 

If there had been only one pair of X-Y 
(coordinate) arrays, the variables would 
have been 'X’ and 'Y\ The minutes fought the 
hours for them, and won. The hours pair is 'V’ 
and 'W’, which you’ll mix up, just as I did. 
They won 'R’ for radius, minutes had to settle 
for 'S’. 'P’ and 'Q’ (60) are just to save you 
typing too many lines (80-110) where it’s 
easy to lose your place. 'CX’, the centre X 
coordinate, is a trifle easier to type than TOO’. 
I hope it will tease you to test different values 
for 3-D effects — and shocking messes! 

The variable 'C’ (70) is involved in all that 
sine-cosine jazz. How can I explain it if I don’t 
understand it? It was easy to work out 
though. There was no need to worry about 
sequence for the flicks (200). These work 
backwards from 29 minutes to 30 minutes. 
Got it? 

The printing, generated by line 120, 
reassures us that something is happening. 
The columns give 'C’ the minutes, then the X 





and Y coordinates of the minutes, and the 
equivalents for the hours. The hour hand 
jumps a minute section for every twelve 
jumps of the minute hand. 

We need sixty flicks, or minutes. You can 
think of them as 1-60 or 0-59. Think 0-59, 
else you will start at one minute after one 
rather than noon, midnight or 12 o’clock. 
Luckily, computers think the same way. 
When told to DIM X(59), room is made for an 
array of sixty, 0-59. Because zero divided by 
any number ends up as zero, at start, the line 
250 test will be met and 'H’ incremented. 
We want 'H’ to be zero after that addition of 
one (250). Line 230 wastes too much time 
sounding a rising tone. 

If you want a stop watch, drop it. 

Use an INKEY$ line to start. In the same 
way, it’s not hard to INKEY$ a start time. 
Make up your own mind to drop it or expand 
it to give tones of longer duration for the 
minutes. You won’t have to look at the clock 
face after a few weeks. Your body clock will 
do the conversion of tones to time for you. 
You’ll likely be in a padded cell, so you may 
as well keep time as do anything else! 

Square clock 

The second listing, 'CLOCKSQR’, doesn’t 
give a square clock, it gives a rectangular 
one. It fills the screen. BUT you can easily 
change X-Y in line 110 to give you a new top 
left-hand comer. If YS is greater than XS, 
you’ll get a tall skinny grandfather clock. 
What will happen if you use the same number 
for YS as for XS? Reduce XS-YS and you can 
get a small face, leaving you plenty of room 
for update information. 

The face has an oval centre that I think is 
pretty. Well it looks like antique lace, if you 
go for that. If you don’t, how about the same 
second hand that draws the lace, tucking out 
a tiny diagonal of the rim? I reckon that it 
gives the frame a 3-D effect. 

I’ve looked at that frame so long in testing 
the program, I suppose I could see anything 
in it. That frame contains very costly 
(230-241) numbers. Work out where to place 
them and you can use them in the first 
program. It would have been simple to wed 
hour hands to the second and minute ones. 
I didn’t because I’m a Smart Aleck. Instead, 
a large blinking block moves around the 
frame, taking four steps each hour. Work out 
why the block doesn’t erase the numerals 
when it lands on and moves off them. 
Instead, they blink too. You can fool the 80C 
just as easily as any other computer. 

I won’t waste valuable paper going on 
about how it works. It’s not a trim program. 
The 6809 in the 80C really moves, even at 
the normal speed. It’s hard not to become 
sloppy, it loves being kept busy. By the way, 
if your 80C will run at double speed, forget 
that stuff about one-twentieth and one-third. 
Halve them. 

Keying-in 

If you have a Master Control program, 
getting the programs into the 80C won’t be 
too hard. Debugging to find your typing 
errors will give you the feel of some of the 
graphics commands. The Microsoft Editor 
built into the Extended BASIC is a dream for 
program editing; fixing those errors will be 
a pleasure. • 
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Figure 1. Block diagram of the MPF-1B and its add-on options. 


Developing the MPF-1 B 
Microprofessor 

The MPF-IB Microprofessor, reviewed in the October 1982 

issue of ETI, has enjoyed a certain ‘cult’ popularity among Lance Wilson 

students and ‘hackers’. Here’s how to exploit its possibilities a 

l l+fl f Holme Bldg, Box 186, 

little turtner. University of Sydney NSW2006 


THE MPF1-B is a Z80-based educational 
development system which may be ex¬ 
tended to control various devices or as a 
compact general purpose computer. It is 
supplied with 4K of EPROM in which 
resides the monitor and a tiny 2K BASIC 
interpreter. The standard RAM is 2K and 
there is a socket for an extra 2K-4K of 
RAM or EPROM. 

A desirable accessory for the serious 
assembly language programmer is the 
thermal printer which contains 4K of 
character generation ROM and PRT moni¬ 
tor with space for another 4K of EPROM 
which may be used for general programs. 
(Similarly, the 4K of RAM on another 
accessory, the EPROM programmer, may 
be used for general purposes.) 

The printer outputs 20 characters per 
line and includes memory dump, 
disassembler and BASIC listing facilities 
in its ROM. Particularly useful is the 
disassembler as it allows one to check an 
assembly language program for errors after 
entering it in machine code. 

Documentation with the MPF1-B in¬ 
cludes a User Manual, giving the funda¬ 
mentals of the Microprofessor’s operation, 
an annotated listing of the monitor pro¬ 
gram with its subroutines and an Exper¬ 
iment Manual which explores most of the 


programming avenues available on the 
MPF-lB. 

The processor board has a six-piece 
7-segment display controlled by the moni¬ 
tor subroutines which are user-accessible. 
As program is entered, the location (two 
bytes) and its contents (one byte) are 
displayed. 

As an exercise in extending the capabili¬ 
ties of the MPF-IB towards those of a full 
microcomputer, a program was developed 
to utilise alphanumerics via the on-board 
key array, of which 32 are usable for such 
a purpose. 

The two alternatives were therefore to 
utilise the keyboard in a QWERTY style 
array by means of a shift key or to delete 
some little-used or synomorphic characters 
from the 32 keys. 

Initially, the second alternative was 
undertaken with the marked keys 0-9 and 
A-F taking their marked values and 
another 16 taking other alphabetic charac¬ 
ters; the use of Z,K, V and 0 were replaced 
by 2,H,U and 0 respectively. Q was 
temporarily deleted. As each character is 
entered, it is displayed on the LED array 
and the ASCII equivalent is deposited in a 
buffer. 

When a line is complete it is printed out 
from the buffer by the thermal printer. 


GHIJCDEF 
LMNP89AB 
RSTU4567 
UIXY 0123 

32-CHARACTER SET 


Because the MPF-lB is programmable in 
machine language utilising the very power¬ 
ful Z80 block instructions, with memory 
directly accessible, this program can be the 
beginnings of a primitive but very useful 
text editor. Note that a 7-segment display 
is limited in the variety of characters that 
it will create so artistic license is occasion¬ 
ally necessary. 

The program may be adapted for use 
with 40 or 80 column printers. The files 
created may be written onto cassette tape 
using the MPF-lB’s own inbuilt system, 
for later correction and manipulation, such 
as file-searching using the Z80 block 
instructions. 

For example, one may set up a names 
and addresses file, entered from time to 
time in chronological order, and using Z80 
sort programs from Rodney Zaks’ “Pro¬ 
gramming the Z80” or one of the other 
sources, it is possible to put the list into 
alphabetical order, use it to print address 
labels or search out particular material. 
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QWERTYIP 

ASDFGHJK 

ZXCVBNML 


<■">&<>= 
05 : ',*/ + - 
12345678 


56-CHARACTER SET 


Specifically, this could be used to list 
journal references and provide key-word 
searches for particular topics. 

Overall therefore, there is a host of 
programming exercises with practical 
spinoff at a price that won’t put you in 
hock for the next ten years. 

The simplified version of the alphanu¬ 
meric program provides the benefit of 
simplicity of use at the expense of a limited 
ASCII character set. This program and the 
one using SHIFT may be entered along 
with other utility programs onto EPROM 
where it would be accessible by means of a 
simple CALL. 

Similarly one could, with a rather a 
larger amount of work extend the range of 
the printer to such things as Japanese 
symbols by modifying the PRT monitor 
onto another EPROM utilising a home¬ 
grown character set. 

One of the great attractions of the 
Microprofessor is the relatively easy access 
to its monitors, for reasons both pedagogi¬ 
cal and practical. 


PROGRAM DETAILS 

ASC0N1: 

Simple 32 character version. 

After initialisation, which sets up buffers 
in the expansion RAM area, there is the 
setting up of a new line, setting up of a new 
word and it goes on to fetch the next 
character from the keyboard. The SCAN 
subroutine in the ROM monitor displays 
what is in the DISBUF and drops out of 
this subroutine when a key is pressed. A 
keycode is left in register A. 

To use this on our 7-segment display and 
in ASCII for the printer, we have to convert 
it to the appropriate codes. This is done by 
means of look-up tables which, with 
register HL as a pointer, uses the keycode 


in A as an offset to find the location 
holding the appropriate code. 

The 7-segment character is loaded into 
DISBUF and the ASCII into OUTBUF. 
The pointer IX is decremented ready for 
the next character and this also means that 
the display on each SCAN moves one place 
to the left so that the words, as they are 
entered, pass in from the right across the 
display. 

Register HL is incremented for the next 
character also; the fact that IX and HL 
require opposite adjustments is due to the 
operation of the monitor. 

A space denotes the end of a word and 
when this occurs the free spaces left in the 
20-character line are displayed for about a 
second before we go back for the first 
character of the new word. 

Carriage return is by end of line or 
SPACE + X. Carriage return and end-of- 
line insert OD (stop print) until the line is 
printed and this is replaced by OA (line 
feed) to separate lines. Any block of text 
for later printing needs to have OD inserted 
for termination. 

This simplified version is intended for 


experimentation. One may easily change 
the characters produced by accessing the 
7-segment (7seg) and ASCII tables. With 
the rather more difficult job of getting into 
the print monitor, one may even produce 
new characters. 

ASC0N2: 56 characters 
With SHIFT, CR, BACKSPACE. 

With this more complex program it was 
desired to be able to produce the (almost) 
full Microprofessor character set in order 
to create simple files, drive phoneme 
generators and all the other inconsequen¬ 
tial things a computer buff desires to do 
without straining the pocket too much. 

There is a shift key which, when pressed, 
exchanges the 2-character tables with two 
others in the pointer instructions to obtain 
the shifted characters. 

There is a carriage return key and a 
backspace which allows one to make 
corrections. This program does not display 
free spaces left in the line; it is left as an 
exercise for the enthusiastic programmer 
to transfer this facility from the 32 into the 
56. 


ASCON 2 



ASCON1 



Figure 2. Flow charts for the two character set programs. 
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Neither program is perfect; the 32 will 
miscount free spaces and not to return 
automatically if one uses the SPACE key 
at the end of the line. However, if all the 
bugs were picked off its backside and all 
the possible extensions incorporated this 
article would never see the light from the 
topside of a round filing cabinet! 

There are certain intrinsic strengths, 
such as easy access to the buffer itself to 
play with the characters or their formatt¬ 
ing. The programs can be put on EPROM 
using the Microprofessor programmer and 
placed in the printer extension socket. In 
this case, any internal calls need to be to 
the appropriate 7000 location. 

As previously mentioned, the program 
can be easily modified to accommodate 40 
or 80 character lines and thus interface to 
larger printers. 


To print out the full text one can use the 
routine from the PRT-MPF manual: 

DD 21 01 20 LDIX, 2001 

CD AC 65 CALL MTPPRT 
76 HALT. 

For the printer to terminate, OUTBUF 
needs to hold 0D as its final code; this is 
most easily inserted by directly accessing 
the buffer to replace the 0A left by ASCON 
with 0D; the pointer to the last line is in 
IFFF/2000. 

Useful references. 

• A. R. Miller. 8080/Z80 Assembly Lan¬ 
guage, Techniques for improved program¬ 
ming. Wiley (About $17.55). 

• Rodney Zaks. Programming the Z80. 
Sybex. (Under $16 at Tandy and D.S.E.; 
others $26). 


• William Barden Jr. TRS80 Assembly 
Language Programming. Tandy ($5). 

• William Barden Jr. The Z80 Microcom¬ 
puter Handbook. Sams ($11-$15). 

• Joseph Carr. The Z80 User’s Manual. 
Prentice-Hall (ETI Book Sales, $25). 

• M. Sargent and R. L. Shoemaker. 
Interfacing Microcomputers to the Real 
World. Addison-Wesley. (About $15). 

• Howard Boyet. 8080 Microcomputer Ex¬ 
periments. $14+ 

• William Barden Jr. More TRS-80 As¬ 
sembly Language Programming. Tandy $7. 

(The 8080 Bugbook is also useful.) 
The Microprofessor MPF-1B is avail¬ 
able from Emona Computers, George St., 
Haymarket, Sydney and David Reid, York 
St., Sydney. Price of the basic machine is 
about $138 and the printer, about $105, (+ 
sales tax). • 




Initialise by nominating DE as 
OUTBUF pointer and clearing 
OUTBUF. The lead address of the 
current line is held in IFFF/2000 
which impinges on the printer stack. 
Characters per line is loaded into C, 
and IX is nominated to point to 
DISBUF for 7 segment display. Fif¬ 
teen locations are cleared within 
DISBUF. 

Go to SCAN monitor subroutine 
for key-in and to display anything in 
DISBUF. The keycode transferred 
via register A is decoded into 
7-segment and ASCII via look-up 
tables and dropped into DISBUF 
and OUTBUF. 

End-of-line is checked by decre¬ 
menting the counter with each 
character. End-of-line or SP and X 
initiate a line print, effectively a car¬ 
riage return. If SP is not followed by 
an X the indication is for a new word; 
the number of free spaces left in the 
line is then displayed. 

The CLRBUF subroutine at 1880 
loads 00 int (B) memory locations 
after the initial one indicated by 
(HL). 

The DECODE subroutine at 1890 
points HL firstly at the 7-segment 
lood-up table and uses the keycode 
in A to offset to the appropriate 
Character and then the same for 
ASCII. 

The LPRINT subroutine firstly 
loads a CR/STOP PRINT character 
into OUTBUF, calls the printer sub¬ 
routine to print out the line and then 
replaces it by a line-feed character. 

At the beginning of each new 
word the number of free spaces in 
the line is displayed by converting 
the contents of register C to 
7-segment on the LEDS. 

Remember: When placing these 
programs into a memory location, 
e.g: in a particular chip socket, any 
internal CALLS must be made to the 
correct location, i.e: to within that 
chip's area of addresses. 

Using the empty EPROM socket 
in the printer the CALL CLRBUF 
(CD 8018) needs to be modified to 
CD 8070, location 7080, which is in 
the relocated program. 


GHIJCDEF 
LMNPS9AB 
RSTU4567 
WXY □123 

1800 1 1 LD DE >2001 
1803 62 LD HjD 
1304 6B LD L > E 
1805 06 LD BiFF 
13 OF CD CALL 1880 
18 0A 0 0 NOP 
18 0B 00 NOP 
1 8 0C ED LD <1 FFF > »DE 
1310 0E LD C j14 
1312 DD LD IX j 27F 0 
1316 00 NOP 

1817 00 NOP 

1818 21 LD HL j 27E 0 
181B 06 LD E j IF 
1S1D CD CALL 1380 
1320 00 NOP 

1821 00 NOP 

1822 C5 PUSH BC 

1823 CD CALL 05FE 
1326 CD CALL 1890 
1329 00 NOP 

182A Cl POP BC 
182B 0D DEC C 
1S2C 23 JR Z j 186 0 
182E 00 NOP 
1S2F 00 NOP 
1830 FE CP 20 
1832 2 0 JR NZ j182 0 
1334 00 NOP 
1835 CD CALL 05FE 
1338 0D DEC C 
1839 FE C P 12 
1333 28 JR Z.1360 
183D 00 NOP 
183E 00 NOP 
183F F5 PUSH AF 
1340 DD LD TX,27F’0 
1344 DD PUSH IX 
1846 El POP HL 
1347 06 LD B j 04 


1349 CD CALL 1880 
184C 00 NOP 
184D 79 LD A.C 
184E CD CALL 0678 
1351 06 LD B j 5 0 

1853 CD CALL 0624 
1356 10 DJNZ 1353 

1858 00 NOP 

1859 FI POP AF 

i35A CD CALL 1890 
135D 18 JR 1820 
185F .00 NOP 

1360 00 NOP 

1361 00 NOP 

1362 3E LD A>0D 
1364 12 LD < DE > >A 
1865 DD LDIXjCIFFF: 

1869 CD CALL 65AC 
186C 3E LD A > 0A 

186E 12 LD < DE > >A 
136F 13 INC DE 

1870 13 JR 180C 
,1872 76 HALT 

1373 00 NOP 

1374 00 NOP 

1375 00 NOP 

1376 00 NOP 

1377 00 NOP 

1378 00 NOP 
1879 00 NOP 
137A 00 NOP 
137B 0 0 NOP 
187C 00 NOP 
137D 00 NOP 
187E 00 NOP 
137F 00.NOP 

1380 AF XOR A 

1381 77 LD <HL)>A 

1382 23 INC HL 

1383 10 DJNZ 1381 
1385 C9 RET 

1836 76 HALT 

1387 00 NOP 

1388 00 NOP 
1839 00 NOP 
188A 00 NOP 


188B 00 
188C 00 
138D 00 
188E 00 
183F 00 
1890 DD 

1392 F5 

1393 CD 
1896 DD 
1399 00 
139A 00 
189B FI 
i89C CD 
189F 12 
18A0 13 
18A 1 C9 


NOP 

NOP 

NOP 

NOP 

NOP 

DEC IX 

PUSH AF 

CALL 1900 

LD 

NOP 

NOP 

POP AF 
CALL 1940 
LD < DE > >A 
INC DE 
RET 


1900 21 

1903 35 

1904 6F 
i9 05 7E 

1906 00 

1907 C9 
1903 FF 


LD HL >1910 
ADD A »L 
LD L j A 
LD A »(HL) 
NOP 
RET 

RST 331 


1910 BD 
1914 36 
1913 BF 
191C 3D 
1920 B6 
1924 B5 
1923 31 
192C AD 
1940 21 

1943 35 

1944 6F 

1945 7E 

1946 C9 

1947 FF 
1950 4F 
1954 34 
1953 38 
195C 43 
1960 59 
1964 55 
1963 4A 
196C 47 


30 9B BA 
AE AF 38 
BE 3F A7 
B3 8F OF 
BS 37 AE 

30 37 3A 
00 3D IF 
85 ID 3A 
LD HL »195 0 
ADD A > L 

LD L j A 
LD A » < HL> 
RET 

RST 33H 

31 32 33 
35 36 37 
39 41 42 
44 ^5 46 
54 58 53 
49 43 4D 
20 4E 50 
4C 52 57 
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EBSEgH 

Similar to ASCON 1, but in¬ 
stead of carriage return being 
SPACE + X, there is a CR key 
and no display of free spaces in 
the line. 

After initialisation the pro¬ 
gram checks the keyboard, 
branches if the key-in is a CR to 
print the line. If it is any other 
key except SHIFT it branches 
to 184D where the check for a 
BACKSPACE and consequent 
operations is performed. If no 
BACKSPACE it goes on to de¬ 
code the character and deposit 
it in OUTBUF. If this is space it 
goes back to NEWWORD in¬ 
stead of NEXC. 

if the key was a SHIFT the 
pointer in the program to 
lookup tables is changed so as 
to look at the shifted char¬ 
acters. 


1300 11 

1303 6£ 

1304 6B 

1305 06 
1807 CD 
18 0A 00 
13 0B 00 
13 0C ED 
1810 0E 
1812 DD 
1816 00 
1817 £1 
181 A 06 
181C CD 
131F 00 


!_D DE j £ 0 0 1 
LD H j D 
LD L »E 
LD B,FF 
CALL 1880 
HOP 
NQP 

LD < 1 FFF > j DF. 
LD C > 14 
LD IX.27F0 
NOP 

LD HL >£7E0 
LD B >1F 
CALL 1880 
NOP 


’182 0 
18 £*3 
1825 
1327 
1828 
1 82A 
182C 
1 82D 
183 0 
1831 
1834 

1837 

1838 
1 83B 
1 33C 
183F 
1840 
1843 
1846 
1347 
1 84 A 
1 84C 
1 84D 
1 84F 

1851 

1852 
1854 

1856 

1857 

1853 
1S5B 
1S5C 
1 35E 
1 35F 
1861 
1863 
1865 


<?D’ 
FE 
£8 
00 
FE 
20 
00 
2 A 
D9 
£ A 
£2 
D9 
£2 
00 
2 A 
D9 
2 A 
£2 
D9 
£2 
13 ■ 
00 
FE 
£0 
IB 
DD 
18 
00 
Q0 
CD 
0D 
£8 
00 
FE 
£0 
18 
0 0 


CALL 05FE 1866 
CP 03 1867 
JR 2 j1370 1868 
NOP 1869 
CP IF 1 86A 
JR NZ j 184D 1 86B 
NOP 186C 
LD HL >(13AC > 186D 
EXX 136E 
LD HL><190n 186F 
LD (18AC) ,HL 1870 
EXX 1872 
LD < 1901 > .» HL 1873 
NOP 1877 
LD HL j <18AE) 187A 
EXX 137C 
LD HL j <18B1> 137D 
LD <18AE> j HL 187E 
EXX 1880 
LD <18B1> j HL 1881 
JR 181D 1382 
NOP 1883 
CP 19 1885 
JR NZ j1858 1886 
DEC DE 1887 
INC IX 1388 
JR 1820 1389 
NOP 138A 
NOP 138B 
CALL 1390 183C 
DEC C 183D 
JR Z j 137 0 13SE 
NOP 138F 
CP 20 1890 
JR NZ »i3£ 0 1892 
JR 1817 1893 
HOP 1896 


00 
00 
00 
00 
op 
00 
00 
00 
00 
00 
3E 
12 
DD 
CD 
3E 
12 
13 
18 
AF 
77 
£3 
1 0 
C9 
76 
Q0 
00 
00 
00 
00 
00 
00 
00 
00 
DD 
F5 
CD 
DD 


NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 


NOP 

LD A,0D 
LD C DE) >A 
LD 

CALL 65AC 
LD A»0A 
LD (DE > j A 
INC DE 
JR 18 0C 
XOR A 
LD (HL) »A 
INC HL 
DJNZ 1381 
RET 


NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

DEC IX 
PUSH AF 
CALL 18B0 
LD <IX+00> 


1899 FI 

189A CD 
189D 12 
189E 13 
189F C9 
18A 0 00 
18A4 00 

18A8 00 
1 SAC 30 
1 SB 0 £1 
18B3 85 
18B4 6F 
18B5 7E 
13B6 00 
18B7 C9 
1SE 0 0 0 
13E4 AE 
18E8 07 
1 SEC EF 
18F0 BE 
18F4 36 
18F8 BB 
18FC 8D 

1900 £1 

1903 85 

1904 6F 

1905 7E 

1906 C9 
1930 20 
1934 35 
1938 £A 
193C 26 
1940 39 
1944 34 
1948 £9 

,A 194C 28 


POP AF 
CALL 1900 
LD <DE^»A 
INC DE 
RET 

00 00 00 
00 00 00 
00 00 00 
19 E0 18 
LD HL >18C 0 
ADD A»L 
LD L j A 
LD AjCHL) 
NOP 
RET 

BD 5B 00 
AF 33 BF 
13 32 02 
33 A£ 82 
BA 70 9B 
14. 10 EE 
00 90 28 
A3 30 FF 
LD HL >1910 
ADD A»L 
LD L j A 
LD A,<HL> 
RET 

30 3F 00 
36 37 33 
2F 2B 2D 
3C 3E 3D 
33 £1 32 
£2 27 £4 
00 3A 3B 
23 31 r F 


MEMORY LOAD 56 CHARACTER 


18 00 M l 01 £ 0 
1304 6B 06 FF 
1308 30 13 00 
1S0C ED 53 FF 
1310 0E 14 DD 
1814 F0 £7 00 
1318 E0 27 06 
i81C CD 80 13 
1820 CD FE 05 
1824 03 £3 49 
1823 FE IF £0 
132C 00 £A AC 
1830 D9 £A 01 
1834 ££ AC 18 
1338 £2 01 19 
1S3C £A AE 18 
1340 £A Bl 13 
1844 AE 18 D9 
1848 Bl 18 18 
134C 00 FE 19 
1350 07 IB DD 


62 1854 
CD 1858 
00 185C 
IF 1860 
£1 1364 
£1 18fe.=; 
IF 186C 
00 1870 
FE 1874 
00 1873 
£1 187C 
13 1880 
19 1884 
D9 1888 
00 188C 
D9 1390 
22 1894 
£2 1898 
D 1 189C 
£0 13A0 
£3 13A4 


CA 00 00 
90 IS 0D 
12 0D FE 
20 BD 18 
00 00 00 
00 00 00 
00 00 00 
0D 12 DD 
FF IF CD 
65 3E OA 
12 13 13 8C 
AF 77 £3 10 
FC C9 76 00 
00 00 00 00 
00 00 00 00 
DD 2B F5 CD 
B0 13 DD 77 
00 FI CD 00 
19 12 13 C9 
00 00 00 00 
00 00 00 00 


18A8 00 00 
1 SAC 10 19 
18B0 £1 E0 
•3B4 6F 7E 
18B8 FF FF 
1 SBC DF FF 
1SC0 00 BD 
18C4 A7 3D 
18C8 AD £7 
13CC B3 B6 
18D0 B5 3D 
1 8 D 4 F5 8F 
1SD3 ID 00 
18DC FD 3F 
13E0 00 BD 
18E4 AE AF 
13E8 07 13 
1 SEC EF 33 
18F0 BE BA 
18 F 4 36 14 
13F8 BB 00 


00 00 18FC 
CO 18 1900 
18 85 1904 
00 C9 1908 
EE FF 19 0C 
F5 FF 1910 
40 00 1914 
BA 85 1913 
Bl 97 191C 
30 IF 1920 
01 37 1924 
BA AE 1928 
B3 OF 192C 
9B 00 1930 
5B 00 1934 
33 BF 1938 
32 02 193C 
A£ 82 1940 
70 9B 1944 
10 EE 1948 
90 £8 194C 


SD A3 30 FF 
£1 30 19 35 
6F 7E C9 FF 
FB FF BB FF 
FE FF BF FF 
£0 4F £E 00 
42 4E 4D 4C 
47 43 4A 4B 

54 59 49 50 

55 43 2C 53 

56 45 57 53 
52 00 44 46 
51 41 5A FF 
20 30 3F 00 
35 36 37 38 
£A 2F £B 2D 
£6 3C 3E 3D 
39 33 £1 32 
34 £2 £7 £4 
£9 00 3A 3B 
£8 23 31 FF 


13 
CD 
£8 
£0 
B2 
00 
00 
3E 
£ A 
AC 








Using Soundex codes for 
approximate matching 

If your spelling is not the best, your filing methods are a bit 
haphazard and, worse still, you can’t remember things like you 
used to, don’t panic. This program will sort you out — it sorts 
words that sound alike. 

Tom Moffat 


IMAGINE A SMALL data base system in 
a newspaper office. A reporter remembers 
an interview done about three years ago, 
with a fellow named Franz. He would now 
like to contact this person again, and asks 
the computer to search obt the name and 
provide details of where the person works, 
and how he can be contacted. 

The computer responds: NAME NOT 
FOUND. And a potentially good story bites 
the dust. Well, three years is a long tiine to 
remember a name. 

Now consider the same computer, with a 
little option included in its data base 
program. The reporter types in ‘Franz’ and 
the computer responds with FRANS, 
FRANCS, FRANKS, FRANCE. Aha! It 
was Franks. That’s the one, call up the 
information on him. 

In the first case the computer was looking 
for an exact match, and it bombed out when 
it didn’t find one. In the second case, near 
enough was close enough, thanks to the 
‘Soundex’ algorithm. 

The Soundex scheme has been around for 
some time, but for some reason it hasn’t 
been widely used, especially in micro 
systems. What it does is sort words into 
certain categories that sound alike, al¬ 
though their spellings can differ widely. 
Each word entered into the system is 
assigned a code which describes its sound. 
When a match is asked for, words with 
identical Soundex codes are displayed. 


Works amazingly well 

Soundex codes are developed as follows: 
When a word is entered, its first letter 
becomes the letter portion of the code. 
Then each succeeding letter is inspected 
and assigned a group humber as per Table 
1. Everything in group 0, the vowels and 
‘H’, is disgarded, leaving the other group 
designators 1 through 6 where the letters 
were. Double group numbers are disgarded, 
that is, 34455 would become 345. Finally 
every number after the fourth is chopped 
off. This leaves a code consisting of a letter 
and up to four numbers. 

The Soundex algorithm is one of those 
strange procedures that work a lot better 
than it has any right to. It’s quite amazing 
to see what horrible mis-spellings it will 
accept, to come up with the right answers. 


39 Pillinger Drive, Fern Tree, Tasmania 7101 

The person who cooked up the scheme must 
have been a really clever thinker. 

Listing 1 is a BASIC program that will let 
you play around with a Soundex algorithm. 
You type in a name, and the program 
checks to find if it’s seen that word before. 
If not it computes the word’s Soundex code, 


and stores both the word and the code. The 
word, and others with the same code, are 
then displayed, along with the codes them¬ 
selves. 

Although not necessary in this 
demonstration program,the actual Soundex 
code generation process is given as a 
(continued page 86) 


00108 REM Demonstration of SOUNDEX algorithm; pr.ints previous 

00110 REM entries that sound like the new word. If not in the 

00120 REM table, the new word is stored. Maximum 100 words. 

00130 REM by Tom Moffat, 28/4/83 

00140 REM 

00150 CLS: E=0 

00160 STRS <2000) 

00170 DIM A0 < 99): FOR A=0 TO 99: A0*<A> = "": NEXT A 
00180 DIM B0<99): FOR A=0 TO 99: B0*<A) = "": NEXT A 
00190 DIM D< 25) 

00200 FOR F=0 TO 25: READ D<F): NEXT F 
00210 PRINT: INPUT "ENTER A WORD: ";A1*: PRINT 
00220 GOSUB 340 
00230 FOR F=0 TO E 

00240 IF A1*=A0*<F) THEN NEXT * F 280 
00250 NEXT F 
00260 A0*<E)=A1* 

00270 B0*<E)=B1* 

@0280 FOR G=0 TO E 

00290 IF B0*<G)=B1* THEN PRINT A0i<G), B0*<G> 

00300 NEXT G 
00310 E=E+1 
00320 GOTO 210 

00330 REM Soundex sub: Input = WORD <A1*), Output = CODE <B1*> 
00340 K=LEN<A1S) 

00350 Cl*="" 

00360 B1*=A1*<:1 ,1) 

00370 H=0 

00380 IF K<2 THEN RETURN 
00390 FOR F=2 TO K 
00400 I=ASC<A1*<;F)) 

00419 IF I<65 OR I>90 THEN 450 
00420 1=1-65 
00430 J=D<I) 

00440 IF JO0 THEN LET C1*=C1* + CHR*< J + 48) 

00450 NEXT F 
00460 K=LEN<C1$> 

00470 IF K=0 THEN 540 
00480 FOR F=1 TO K 
00490 I=ASC(C1*<;F,F>) 

00500 IF I OH THEN LET B1*=B1*+C1*< ;F,F) 

00510 H=I 
00520 NEXT F 

00530 IF LEN<B1*)>5 THEN LET B1*=B1*<;1,5> 

0054 0 RETURN 

00550 DATA 0,1,2,3,0,1,2,0,0,2,2,4,5,5,0,1,2,6,2,3,0,1,0,2,0,2 
00560 END 







A joystick-operated 'sprite’ 
editor for the Commodore 64 

Here is a sprite editor for the Commodore 64 that simplifies the 
otherwise laborious job of designing animated characters or 

graphics for games. Mark Lingane 


THE UNIQUE FEATURE about this 
sprite editor is that it uses the joystick to 
do everything: save, load, change colour 
etc. When you run the program you will see 
a large grid on the left and several small 
grids on the right of the screen with the 
cursor in the large grid. You move the 
cursor by moving the joystick. 

When you have located the point where 
you want to begin the graphic, be it a space 
ship or cartoon character, then press the 
fire button. If there is no dot, pressing the 
button puts one there. If there is one, then 
pressing the button removes it. 


The boxes on the right hand side of the 
screen comprise the control section. Plac¬ 
ing the cursor in any of these boxes 
followed by a press of the button does 
various jobs. 

They are: 

• The top box is for identifying page 
number (you can save several sprites on 
different pages and recall them at will). 
You can change the page number by 
placing the cursor in the top box. To get 
there you have to move the cursor out of 
the sprite editor grid through the gap in 
its right hand wall. 


• To select a page number push the 
joystick left or right and the page is 
displayed in the box. When the desired 
page has been reached press the button 
again. 

• The second box is for selecting high 
resolution and multicolour: When the 
button is pressed while the cursor is in 
this box it will toggle (switch) the sprite 
between high-res and multicolour. 

• The third to sixth boxes are for colour 
selection: Pressing the fire button while 
the cursor is in these boxes will change 
the colours. If the sprite is in 
multicolour mode then the colour one 
will change. The same happens for the 
next two boxes. The sixth box is the 
screen colour, it operates as all the 
others do. 

• The seventh box: X expand, Y expand, 
Save sprites, Load sprites: Pressing the 
button while on the X to expand or 
contract. The Y has the same function 
but expands and contracts on the Y 
axis. 


Saving and loading are also achieved by 
joystick control. Move the cursor to either 
S or L (Save or Load) and then simply 
press the button. 

Pressing the button on either of these 
letters (S or L) will cause the cursor to 
jump to the line of characters on the 
bottom line. The computer will ask a few 
questions which you answer by moving the 
cursor along the line and pressing the 
button on the chosen characters. 

If you make a mistake, cursor along to 
the second last character (the back arrow) 
and press the button. When the input is 
complete cursor along to the last character 
on the end (the reverse M) and press the 
button. You will know it is right because it 
will say “loading sprites” or “saving 
sprites”. 


• The bottom box: Clear, Reverse, Quit: 
pressing the button on C will cause the 
sprite grid you are working on to be 
erased. Reverse will cause the sprite 
grid to be reversed. Q will quit the 
programme. 

That’s all there is to it! It is a lot harder 
to explain than actually do. 

This program saves hours of work once 
you can get the hang of using the joystick 
— and it’s cheaper than a light pen! 




























IFPY< 0THENPY = 0 
GOTO 100 
I FPX >£4THEN450 
PP=PG*64+INT< PX/8 ) +PY*3 

IFPEEK< PK+PX+PY*40 ) *32THENP0KEPK+PX*PY*40,8 1 « G0T04 10 
IFPEEKX PK+PX+PY*40)=81THENPOKEPK+PX+PY*40,32 *G0T0415 
POKEPP,PEEK<PP)OR< 2t< 7-< PX-INT< PX/8>*8>>> tGOTO420 
POKEPP,PEEK<PP)AND25S-< 2t< 7-< PX-INT< PX/8)*8)>> 

IF 1 ' PX >£7ANDPX< 36 )ANDPY=0THENGOSUB 1000 : RETURN 

IF<PX >£7ANDPX<36>ANDPY=3THENQQ =28 s GOSUB600:LI*3:C0«29IST*="MULTICOL" 

IF< PX>27ANDPX<36>flNDPY=3ANDTG=1THENST*="HIGH-RES" 

IF< PX >27ANDPX< 36 >ANOPY=3THENGOSUB2000 : RETURN 
IFPX =£8ANDPY=1£THENQQ=28 * GOSUB600 
IFPX=30ANDPY=1£THENQQ=£3«GOSUB600 

IF<PX>£?ANDPX<31)ANDPY=6THENC1=<C1 + 1)ANO15sPOKES 1,C1sGOSUB80 
IF<PX >32ANDPX<36)ANDPY=6THENC2=<C2 + 1)AND 15tP0KES2,C2:G0SUB82 
IF< PX >27AI>1DPX< 31 ) ANDPY=9THENC3=< C3+1 ) AND 15 : P0KES3 ,C3 : G0SUB84 
IF( PX>3£ANDPX<36;ANDPY=9THENC4=<C4+1)AND 15:P0KES4,C4 > G0SUB86 
IFPX=29ANDPY=15THENF0RI=PG*64T0PG*64+64:POKE I,0:NEXTs GOSUB500 s RETURN 
IFPX=33AN0PY=15THENP0KEVC +21,0:PR INT"3" ; SEND 

IFPX=31ANDPY=15THENF0RI=PG*64T0PG*64+64 s POKE I,235-PEEK< I)t NEXT:GOSUB500:RETU 


(from page 84) 

subroutine, so you can pinch it word for 
word and use it in your own program. You 
also need to load up a 26 character array 
with group numbers for each letter, as line 
200 loads data from line 550. 

To get an idea of what to expect, have a 
look at the sample run containing some well 
known names with alternative spellings, 
nicely matched up by Soundex codes. 

Although the BASIC version of the 
program is a bit messy with all that 
breaking apart of strings, a machine code 
version should be dead easy. By the time 
you read this I should have a small 
‘newsroom data base’ program up and 
running, in machine code, using the 
Soundex algorithm. 

All this probably sounds a bit far out, too 
good to be true. You may suspect it’s 
another con job like that ‘Gutenberg 
Transform’ program in the April issue. But 
rest assured, this one is fair dinkum, really. 



TABLE 1 

Group Letters 

0 AEIOUYWH 

1 BFPV 

2 CGJKQSXZ 

3 DT 

4 L 

5 M N 

6 R 


ENTER A WORD: HAWKE 

HAWKE H2 
HAWK H2 
HAAWK H2 
HAUK H2 
HWAOK H2 

ENTER A WORD: PEACOCK 


PEACOCK P2 
POECOCK P2 
PEECOCK P2 
PEEKOOK P2 


ENTER A WORD: HAYDEN 

HAYDEN H35 
HAADNE H35 
HEYDNE H35 
HAIDINN H35 

ENTER A WORD: FRASER 

FRASER F626 
FRAESEUR F626 

FROESUR F626 

FRASSRE F626 

FRASSEARE F626 

ENTER A WORD:DRACULA 

DRACKULAE D424 

DRACKYOULAH D624 

DRACULA D624 

DRAKOOLA D624 

ENTER A WORD:FRANKENSTEIN 

FRANKENSTEIN F6525 
FRUENKINSTINE F6525 
FRANCINSTENE F6525 
FRANKENSTEEN F6525 

























Machine language 
graphic driver for 
the ETI-640/ETI-685 

Developing this software may have caused the authors to tear out 
their hair in frustration but it means that now you can 
do something really useful with your computer. This graphic 
package is designed to make interfacing as easy as possible, 
be extendable, fast and give you all the features of the 
current popular computers and more. 

G.H. Secomb J.F. Adamthwaite 


BEING 2650 OWNER/DRIVER enthusiasts 

— a strange group who, if not locked 
up, dwell in caves and mumble strange 
incantations such as "Z80, BAH, HUMBUG” 

— we have often looked longingly through 
the doors of Tandy stores (provided nobody is 
looking) thinking . . if only I could draw 
some pictures . . Go on, admit it, you have, 
haven’t you. 

We were amazed that Tandy, after all their 
big-buck market research, put a Z80 in the 
Model I, guaranteeing that it would die, as 
history shows it did. 

(The views of the contributor are not 
necessarily those of the magazine.) Actually, 
this is a back-handed way of saying that 
Tandy had their act together before anybody 
else knew what an act was. 

This is the story of our mental meander- 
ings while attempting to improve on the 
opposition. 

The first part is a summary of how it could 
have been done, closely followed by the only 
way we could manage to do it. The details of 
software interfacing, source listing and a 
sample driver program hang on the end. 

Pseudo high-level language representations 
of the functions are provided as food for 
thought for owners of'other’ CPUs. 

There are no real secrets here; it just seems 
that those who know aren’t telling, and those 
who are telling, don’t know. (Beware, this 
could include the authors.) 

The noteworthy thing about this package 
is that it has most of the popular features 
collected together to form one program with 
an integrated, extendable, hierarchical, 
executive core. (We are deeply into 
buzz-words.) 

Hardware review 

A survey of hardware display techniques 
showed two distinct approaches to be in 
common use. 

# Vector scan which uses direct display 
beam deflection, rather like that of a normal 
cathode ray oscilloscope, to create the picture 
on the screen. This method can be seen 
in arcade games such as ’Tank Battle 
Commander'. 


• Raster scan where the entire picture 
content is written once into a memory buffer, 
after which the buffer is sequentially scanned 
by simple hardware to display the contents. 

A feasibility study into vector scanning 
showed that it made very high resolution 
and smooth angled lines possible. However it 
required a lot of very fast, dedicated hard¬ 
ware to achieve this and the display had to be 
capable of running itself with only minimal 
CPU support, usually DMA. 

Raster scanning seemed to hold more 
promise for microcomputers as the simpler 
display hardware takes care of itself, leaving 
the CPU free to calculate the required 
updates for the next scene. If anybody can, 
raster scan. Rah-don. Smoker scoff. 

Raster scan 

Raster scan can be subdivided into two mam 
categories: 

1. Character cell type where the successive 
bytes of screen memory are subjected to 
an encoding process such as a character 
generator ROM, or a programmable character 
generator RAM block as found in the 
ETI-681 PCG VDU or the MicroBee. 

2. Bit-mapped type where each bit of each 
byte of screen memory corresponds to a fixed 
screen pixel location. If a given bit in 
memory is set to a logic 1 the associated 
screen pixel is turned on, or lit. 

The PCG RAM method has the advantage 
of higher image detail, or resolution, for a 
given screen memory size. This reduces the 
amount 'stolen’ from the CPU addressing 
range. However, you don’t get something 
for nothing. 

This method requires complicated software 
to manage the PCG RAM resources. You 
must be prepared to manipulate shape tables 
and return currently unused PCG space to a 

A common error message on the MicroBee 
seems to be 'PCG overflow’. Dreary. 

The bit-mapped approach has the advantage 
of increased generality and simplicity. A 
new shape to be drawn is directly plotted 
in the screen RAM without any concern for 
PCG translation or space allocation. 


The main disadvantage of a bit-mapped 
VDU is the square-law relationship of screen 
resolution to memory requirements. 

This limitation has been overcome by 
the new IEEE-696 S100 standard, although 
very few manufacturers have as yet taken 
advantage of the extended addressing cap¬ 
ability in the design of new system boards. 
(Applied Technology seem to be the only 
local exception.) 

It seems that if you want high display 
resolution you must be prepared to pay for 
it in the form of memory space, software 
complexity, money (in the form of a separate 
display processor) or all three. 

When the current system was being put 
together memory mapped VDU boards were 
not common. The availability of the ETI-640 
board with its relatively low price determined 
the choice of the hardware. We were broke. 

Compared to the standard of the day, the 
TRS-80 Model 1, the ETI-640 was superior in 
text character formation, vertical graphic 
coordinate addressing range and 'squareness' 
of the chunky graphic block shape. Did you 
ever notice how tall and skinny things look 
on a TRS-80? 

The early version of the ETI-640 did 
require a little 'massaging’ to get it to stand 
still but these problems have been overcome, 
resulting in a sturdy little work-horse^VDU. 

In the future we predict that LSI-based 
VDUs, such as the MW6545 or the Technitron 
'Provida’, will give it some competition. 

The advent of Ron Koenig’s excellent 
ETI-685 2650 CPU board, with extended 
addressing and capable of running at 2 MHz, 
was the last item we needed to get us going. 

Let’s face it, how many of you have really 
done something useful with your computer? 
Not many I’ll bet! Everyone starts out think¬ 
ing that they might control the garage door 
first, closely followed by controlling the rest 
of the world - . Most of us can count the number 
of such successfully completed projects on 
the fingers of our left foot. 

Anyway, computer tinkering is still just 
bashing your head against a wall, with the 
latest boards forming a pretty veneer that 
merely looks soft. 
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Software review 

Having decided on raster scan, in the form of 
the ETI-640, several approaches to software 
implementation were investigated. 

1. Character oriented graphics sequent: 
ially sends the elements of the scene to the 
normal character outputting routine as 
bytes to be stored in consecutive screen 
locations. 

2. Sprite graphics is a development of the 
above. A group of bytes (sprite), which make 
up a pre-defined image object, are 'block 
moved’ to the desired screen location. An 
example is to be found in the new Texas 
Instruments personal computer. 

3. Line and point oriented graphics where 
all image items are constructed of points, 
lines and arcs. 

Character oriented graphics, using the 
same outputting routine as the text driver, 
were found to be slow for normal text and 
complicated. This is due to the necessity of 
testing several mode’ flags before actually 
writing the character to the screen. They 
also lack flexibility in screen positioning 
as movement is only possible by whole 
character cell positions, using cursor control 
codes. Their main use is for writing large 
text characters on the screen. An example is 
the PET Commodore computer. 

Sprites seem to be the most commonly used 
method, making up the bulk of arcade games 
such as Space Invaders or Galaxian, where 
one 'master sprite’ image can be copied to the 
screen at many locations, simplifying the 
CPU’s task considerably. Sprites have the 
advantage of speed (important on a micro¬ 
computer) but do require pre-definition of 
each sprite image, making smooth size or 
orientation changes tricky. 

Note — the master image is the final 
image of the object. The only manipulation 
possible without special hardware (such as 
the new TI or NEC LSI devices) or a lot of 
brain-strain, is vertical or horizontal move¬ 
ment (coordinate translation). This amounts 
to moving cardboard cut-outs around, when 
you think about it. 

The lack of colour or grey-scale (variable 
intensity) attributes on the ETI-640 seemed 
to make sprite methods suitable for only 
the most trivial applications, as it would be 
hard to separate foreground and background 
images, a feature performed well by the 
TI device. 

Note, a sprite can be made up of lines but, 
as the diagram below-shows, it is tricky to 
draw a straight line with sprites. 

This leaves us with line-oriented techniques 
as being the most easily implemented on the 
ETI-640, while still being useful for more 
than just basic tasks. 
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CAD/CAM graphics package 

The application we were most interested in 
when this project was started was computer- 
aided design and manufacturing (CAD/CAM) 
(we big-note a lot), and we saw the current 
task as being good trainer wheels for the real 

Most technical or business use involves 
display of graphs or representation of real- 
world objects, which must be viewable at will 
from any angle or distance. 

To achieve spontanaeity in size, orienta¬ 
tion, distance and perspective, the image 
must be 'computed’ from a set of coordinates 
which represent the object, rather than 
selecting the 'nearest fit’ pre-defined image 
already in memory. 

Note — the master info is not the image, 
but a set of parameters from which the current 
screen image is derived by mathematical 
(mostly trigonometric) manipulation. 

An 'all-singing, all-dancing’ graphics 
package suitable for CAD/CAM work, or 
producing something like ’Tron’, requires 
many different program functions, the least 
complex of which is the final drawing of the 
image. It would run something like this — 

First, the master object parameters such as 
dimensions, material, colour and reflectivity 
(e.g: glossy chrome) are fed into the 
computer. This is generally done by hand 
from a keyboard, joystick or light-pen. This 
'front-end’ data acquisition program must be 
able to save these parameters to disc for later 
recovery, as any but the simplest objects take 
a long time to define. More complex shapes 
must be defineable as groups of the simpler 
shapes, in order to save finger-work. 

The current viewing position must also be 
fed in, as the final image is obviously 
dependant on the position the computer 
thinks you are viewing the objects from. 

The viewing position coordinates and 
object parameters are then manipulated by 
a 3D transformation program module to 
determine the apparent position and size 
of the objects. 

The manipulations performed are typically 
rotation, scaling and translation. Perspective, 
if desired, can be done as well. The numeric 
results, if plotted at this stage, would result 
in a 'wire-frame’ image, much like the intro 
to the ABC show, 'Towards 2000’. 

The results of the 3D transformation are 
then examined for hidden lines, and surfaces 
are shaded according to material 'colour’ and 
the computer Tight source’ position. This 
process gives the image a 'solid’ look. The 
image is now in the form o,f two dimensional 
coordinates and pixel intensities. 

As most of us only have eyes in the front of 
our heads, (politicians excepted, apparently) 
we can only see that portion of a scene which 





happens to be in front of us. Similarly, only 
those objects within a certain computed 
viewing angle should be represented on the 
screen. Objects 'in front’ of the screen, either 
side of it or more than a certain distance 
away should not be plotted or realism will 
be lost. 

The image coordinates are examined to 
determine whether they lie outside the 
current 'viewing window’. If so, they are 
'clipped’, rather like cropping a photograph 
with a pair of scissors, the process being done 
mathematically in this case. Note that the 
viewing window does not have to be the same 
size as the screen. Quite oftfen it is smaller, to 
allow space to be reserved on the screen for 
text or other picture segments. 

The clipped 2D results, still in coordinate 
form, are then converted to whatever form is 
needed by the final display hardware such as 
a VDU or plotter. 

The full CAD/CAM package as shown 
involves several man-years of hardware and 
software development and is unfortunately 
out of our range as part-time tinkerers. 
Besides, if we had done all that, we would be 
out there selling it, wouldn’t we? Certainly 
not telling you lot how to do it. 

Another constraint is that not everybody 
wants a CAD/CAM package, and it would be 
too slow on a microcomputer (all that 
trigonometry) for real-time applications 
such as games and animation. 

This program 

The software package presented here is 
intended to provide the user with the graphic 
functions available on most of the currently 
popular personal computers, plus a few 
functions we have not yet seen on other 
devices. 

A coordinate system with the origin (X=0, 
Y=0) at the bottom-left corner was chosen 
because our brain seems to work better that 
way. Don’t you just hate upside-down 
coordinates? 

A strict CAD style implementation would 
limit the functions allowable to points and 
lines only, with no pre-defined shapes 
allowed. In practice however, some common 
shapes, such as squares and circles, need to 
be drawn quite often, so these tricks were 
included for user convenience and speed. 

A feature not commonly found, but com¬ 
monly desired, is to be able to invert the state 
of a screen pixel directly, without the need to 
test it first, then conditionally set or clear 
it; a slow and cumbersome process if done 
in BASIC. 

This feature allows an object to be drawn 
and erased by two identical inversion processes 
without destroying the background, allowing 
cross-hairs and the like to be moved quite 
simply, regardless of prior screen content. 
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This would normally wipe out everything in 
the moving object’s path, requiring a re-draw 
of the background to restore it. 

In this implementation there are four 
operations that can be performed on a pixel: 

1. SET Turn it on. 

2. CLEAR Turn it off. 

3. INVERT Make it whatever it 

wasn’t. 

4. TEST Test the pixel’s current 

state, returning a zero result 
if the pixel is clear, or a 
non-zero result if it is set. 

It was felt that for the package to be easy to 
use, its instruction set must be regular and 
consistent (buzz-word is orthogonal). It must 
allow all possible pixel modes to be employed 
for any of the higher-order functions. The 
orily exception to this is the TEST operation, 
which does not have a simple parallel in 
the higher order functions. As suitable 
variants of the TEST function are dreamed 
up, they could be included in the package 
fairly painlessly. 

The functions are grouped in fours, start¬ 
ing at zero, to reduce the need to keep a 
reference sheet handy while programming. 

Features provided 

• General screen operations 
00. SET WINDOW 

Flood a rectangular area with Is. 

01. CLEAR WINDOW 

Clear a rectangular area with Os. 

02. INVERT WINDOW 

Reverse the state of all pixels in the area. 
03. PROTECT SCREEN 

Protect from scrolling and clear entire 
screen. 

• Single pixel operations 
04. SETPOINT 

Turn it on. 

05. CLEAR POINT 
Turn it off. 

06. INVERT POINT 
Go on, take a guess. 

07. TEST POINT 

Test pixel state and set a flag accordingly. 

• Line operations 
08. SET LINE 

Draw a line between two end-points. 

09. CLEAR LINE 
Erase the iine. 

10. INVERT LINE 

Reverse every pixel encountered on 
the line. 

11 . — 

Not used. 

• Rectangle operations 

12. SET RECTANGLE 
Draw a rectangle. 

13. CLR. RECTANGLE 
Erase it. 

14. INV. RECTANGLE 
Reverse every pixel around the 
perimeter. 

15. — 

Not used. 

• Ellipse operations 

16. SET ELLIPSE 

Draw an ellipse of variable height 
and width. 

17. CLEAR ELLIPSE 


18. INVERT ELLIPSE 

Reverse every pixel on the circumference. 

19. 

Not used. 


HOW THEY WORK 


Window function 

The purpose of operations 0, 1 and 2 are 
to allow large or small areas of the screen to 
be manipulated quickly. They can initialise 
windows amongst text for subsequent scrib¬ 
bling in, such as a chess-board background, 
or be used to draw simple shapes. The 
algorithm employed is quite simple, as 
follows: 

* WINDOW FUNCTION 

* Input parameters required are CX1.Y1) 
and CX2, Y2> 

IF X2 > XI THEN XINCREMENT = +1. 

IF X2 = XI THEN XINCREMENT = 0. 

IF X2 < XI THEN XINCREMENT = -1. 

IF Y2 > Y1 THEN YINCREMENT = +1. 

IF Y2 = Y1 THEN YINCREMENT = 0. 

IF Y2 < Y1 THEN YINCREMENT = -1. 

FOR X = XI TO X2 STEP XINCREMENT 
FOR Y = Y1 TO Y2 STEP YINCREMENT 
PLOT(X >Y) 

NEXT Y 
NEXT X 


Note that the input arguments (X1,Y1) 
and (X2,Y2) are used to specify the diagonally 
opposite corners of the area to be manipu¬ 
lated. They can be specified in any order, 
with the same results; it just draws in a 
different direction. 

e.g: (XI,Yl) (X2,Y2) 

(XI,Y2) (X2,Yl) 

(X2,Y1) (XI,Y2) 

(X2,Y2) (XI,Yl) are all equivalent. 


The term PLOT in the algorithm refers 
to any of the three pixel operations: SET, 
CLEAR, INVERT. 

Function 3 was initially intended only to 
reserve a number of screen lines for graphic 
use, by protecting them from scrolling. 
However, a lot of text drivers for the ETI-640 
do not include a text mode FORM FEED 
function, so this feature was included for 
speed, as it is faster than the CLEAR 


WINDOW function of the printing of multiple 
line-feeds. It can be easily removed if desired. 

The only parameter passed to this function 
is the number of lines to be protected. The 
number should be in the range of 0 to 15 
(decimal) if you are using a BINBUG monitor 
or something similar. 

Single point functions 

Functions 4, 5, 6 and 7 are the single pixel 
operations. As previously outlined, any 
screen point can be SET, CLEARed, 
INVERTed or TESTed. The TEST function 
returns a value of HEX'FF’ (decimal 255) if 
the point was on, or a value of 00 if the point 
was off. 

Any coordinates can be specified in the 
range of 0 to 255 with complete safety, when 
calling these functions. Any points outside 
the screen addressing range (i.e: if X is 
greater than 127 or if Y is greater than 63) 
will give a null result. The points are simply 
not plotted. The pixel TEST function will 
return a value of 0 in such a case. 

These single point operations form the 
foundation of all the higher order functions, 
being called as necessary to plot lines, 
circles etc. 

The single point functions share a common 
subroutine 'CONVRT’ which converts the 
single-byte horizontal (X) and vertical (Y) 
screen coordinates into a VDU memory 
address pointer and a 'bit within byte’ mask 

The CONVRT subroutine is essentially 
the 'bit-twiddling’ operation which dedicates 
the program to the ETI-640. Assuming similar 
screen resolution, any memory mapped VDU 
could be driven by this program merely by 
changing this subroutine to match the 
coordinate addressing scheme of your VDU. 

One very important feature included in 
CONVRT is a test to determine whether the 
current screen byte about to be plotted is 
currently storing an ASCII character. If this 
is the case the screen byte is cleared to a 00 
value and the byte’s graphic attribute bit is 
set ON. This is necessary to avoid having the 
remaining bits of the original ASCII character 
showing up as gibberish when the new point 
is plotted. See the diagram below for the bit 
translation details of the ETI-640. 

The CONVRT subroutine is ideally suited 
to hardware implementation, with the 
potential for useful (spelled H-U-G-E) speed 
improvements. 


X COORDINATE 


Y COORDINATE 



CHARACTER CELL 


I 1 1 1 I 1 I 1 ! 


Bit translation details of the ETI-640. 






































For anyone serious (silly?) enough about 
fast plotting, the diagram above shows one 
way this might be done. Note the use of the 
'OR' gate to check for out-of-range coordinates 
and produce a 'safe’ bit mask value in case 
of error. 

The obvious extension to this idea is to 
directly manipulate the VDU memory with 
the hardware, via DMA. (Die-hard's Madness 
Accelerator). 

Line operations 

Developing this function caused a consider¬ 
able amount of hair to reach escape velocity. 
The requirements it had to fulfill were fairly 
stringent if it was to be usable with the rest 
of the package. 

1. No point in a line could be plotted more 
than once, or disruption of the INVERT LINE 
function would result, as two inversions of a 
pixel would leave it unchanged. 

2. The steps in a gently sloping line must 
be evenly spaced, with equal distances to 
the first step points from each end of the line 
(see diagram). 

90 



If this requirement is met, the true line 
will pass through the middle of each line 
segment. 

3. The points plotted on a line must always 
be adjacent, with no gaps, regardless of the 
slope of the line. This required the use of two 
separate loops, one for plotting lines equal 
to or less than 45 degrees, the other for lines 
steeper than 45 degrees. 

Perusal of computer literature turned up 
the book 'Principles of Inter-active Computer 
Graphics’, a very informative little tome, 
eyen though it is written in High-Browsian. 
The authors are William M. Newman and 
Robert F. Sproull, if you are interested. 
Recommended reading. 

In this book, chapter 2, page 25, the outline 
of a line drawing routine devised by J.E. 
Bresenham is given, written in the Pascal 
language. 


This method has the advantage, for our 
purposes, of being able to work in integer 
quantities and does not require multiplica¬ 
tion or division, making it very fast indeed. 
The Bresenham algorithm always steps one 
or both of the coordinates by an increment of 
plus or minus one, thereby solving our 
INVERT LINE function problem. 

Much hair pulling at the keyboard later, 
we spotted an explanation of how it worked. 
This was indeed fortunate, as we didn’t have 
a clue. The answer was in an article titled 
'The Variable Duty-Cycle Algorithm’ in 
Byte magazine, October 1981, page 311. The 
article described a new general class of 
algorithm with the highest fog index of any¬ 
thing we have ever seen. It seemed that the 
Bresenham algorithm was just one variant 
of this class. It took many re-reads before a 
faint glimmer of understanding dawned. 

The VDC algorithm is a loop structure which 
conditionally performs an event once per 
loop cycle, depending on the ratio (dufy 
cycle) of the control parameters. In our 
case, the condition-dependent event is a 
single step up or sideways, and the control 
parameters are the horizontal and vertical 
components of the line length, DELTA X and 
DELTA Y. The relative magnitude of these 
two values determine the ratio of steps-up to 
steps-sideways. 

More effort later (you see, we really aren’t 
all that smart) the VDC algorithm was 
bashed into its final shape as shown opposite. 

The first statement in each line loop plots 
the intermediate point; the second statement 
tests to see if the end of the line has been 
reached yet. If so, the line is finished and 
the loop is exited. 

The third statement of each line loop 
unconditionally steps the independent 
coordinate on by plus or minus one, then the 
value of RUNCOUNT is updated and tested 
to see if the dependant coordinate needs to be 
stepped. If not, a branch is taken back to the 
start of the loop to plot the next point at the 
same level. 

If stepping is required, the dependant 
coordinate is incremented by plus or minus 
one, depending on the direction of line slope. 
The value of RUNCOUNT is updated to 
reflect the fact that a step was taken, 
followed by a branch back to the start of the 
loop to plot the next point at the new level. 

The function of the ENDLINE portion of 
the algorithm is to swap the end coordinates 
(X2,Y2) of the now completed line into the 
start coordinate variables to create the 
'Microsoft-ish’ end-to-end line plotting 
feature of: 

DRAW TO (NEWX2,NEWY2) 

This nearly doubles the speed of line draw¬ 
ing when being driven from a BASiC program. 
The feature can be over-ridden by simply 
specifying new starting coordinates if the 
lines are not to have joining end-points. 

This routine was written using 8-bit arith¬ 
metic which lirqits the maximum specifiable 
coordinate values for any X or Y to 127. This 
choice was made in the interests of speed, a 
decision which has paid off. Line plotting is 
very fast. If a VDU with a greater coordinate 
addressing range than the ETI-640 is used 
then the use of 16-bit arithmetic will become 
mandatory. Otherwise the line plotting 
algorithm is extendable to any desired 
coordinate system. 







































































* VARIABLE DUTY-CYCLE LINE PLOTTING ALGORITHM 



«:X2iY r 2) Line end coords 


LINE LET RUNCOUNT = 0. 

DELTAX = ABSCX2-X1) 

IF X2 > XI THEN XINCREMENT = +1.. 

IF X2 = XI THEN XINCREMENT = 0. 

IF X2 < XI THEN XINCREMENT =* * -1. 

DELTAY = ABSCY2-Y1) 

IF Y2 > Y1 THEN YINCREMENT = +1. 
IF Y2 * Y1 THEN YINCREMENT = 0. 

IF Y2 < Y1 THEN YINCREMENT = -1. 

LET XPLOT * XI 
LET YPLOT « Y1 

IF DELTAY > DELTAX THEN DO L00P2 
ELSE DO LOOP1 


XPLOT ■ XPLOT + XINCREMENT 
RUNCOUNT = RUNCOUNT + DELTAY 

IF RUNCOUNT < DELTAX - RUNCOUNT THEN GOTO LOOP1 

YPLOT = YPLOT + YINCREMENT 
LET RUNCOUNT = RUNCOUNT - DELTAX 
GOTO LOOP1 

* Line ioop 1 is used for lines steeper than 45 degrees. 

L00P2 PLOTCXPLOT,YPLOT) 

IF YPLOT - Y2 THEN GOTO ENDLINE 

YPLOT « YPLOT + YINCREMENT" 

RUNCOUNT * RUNCOUNT + DELTAX 

IF RUNCOUNT < DELTAY - RUNCOUNT THEN GOTO L00P2 

XPLOT = XPLOT + XINCREMENT 
RUNCOUNT = RUNCOUNT - DELTAY 
GOTO L00P2 

* to create "DRAW TO <X2^Y2) "%unct i on^ 


PLOT<XPLOT?YPLOT) ' ' equal 
IF XPLOT * X2 THEN GOTO ENDLINE 


45 


ENDLINE LET X 


X2 

Y2 


Part 2 

Rectangle function 

This routine draws a rectangle, using the 
two pairs of user-supplied coordinates as 
opposite comers. Conceptually quite straight¬ 
forward, it constructs the coordinates for the 
other two corners from combinations of the 
supplied coordinates, and plots a line from 
comer to corner until the full rectangle is 
drawn, using the appropriate pixel plotting 
mode of SET, CLEAR or INVERT. 

The requirements for ihe rectangle 
functions were: 

1. Double plotting of the corner pixels must 
not occur. Each corner is the end point of one 
line and the start point of the next. Double 
plotting during the INVERT RECTANGLE 
function would leave the corners as they 
were, effectively remaining unplotted. To 
get around this, each line must be shortened 
by one point (see diagram below). 

2. The user must be able to specify any of the 
diagonally opposing coordinates, as for the 
window function, and achieve the same 
rectangle on the screen. 

XI,Y2 X2,Y2 

XI,Y1 X2,Y1 

(Xl.Yl) (X2.Y2) 

(XI,Y2) (X2,Yl) 

(X2,Y1) (XI,Y2) 

, (X2,Y2) (XI,Y2) 

These combinations should all give the 
same results. Don’t call us if they don’t. 


The line shortening and flexible coordinate 
specification capability are shown in the 
algorithm below. 


Ellipse function 

The brain-strain required to come up with a 
useful ellipse plotting routine caused nearly 
as many hairs to desert their post as did the 
LINE routine. Several techniques were tried 
before the final one was selected. They were: 

1. Calculating sine and cosine for progress¬ 
ively increasing angles from 0 through to 
359 degrees. This approach proved to be slow 
and took too much code. (Machine language 
trig, is a pain.) 

2. Using look-up tables for sines and cosines. 
This was fast, but required a large look-up 
table, even when using a single 90 degree 
quadrant table backwards and forwards to 
create the sines and cosines for each of the 
four quadrants. 

3. Using coarse angle increment look-up 
tables with interconnecting lines to fill the 
gaps. 

This seems to be the method employed in 
the TRS-80 colour computer, although we are 
not sure of that. It was fast, but the code 
required to avoid double plotting at the line 
junctions proved to be too cumbersome. This 
method requires greater resolution than is 
possible on the ETI-640, in order to look 
convincing. 


4. Using a version of the Variable Duty-Cycle 
Algorithm. 

This method held promise of being the 
fastest of all, but it suffered from a precision 
problem due to the use of integer arithmetic, 
resulting in a noticeable distortion of the 
circle. It also didn’t seem to know when to 
stop. We only wanted one lap. 

Finally, a chance encounter with two 
bright young lads (these kids make us oldies 
feel so stupid) at an establishment known as 
'Comp-Soft’ in Swan Street in Richmond, 
brought to light a workable solution. I will 
be forever grateful to the proprietor for 
allowing me to waste his time and that of his 
workers. It saved us from needing to weave 
baskets. 

The method has its roots in calculus. Don’t 
cringe, we’ve already done it for you. It is 
quite novel in the method it Uses to create the 
sine and cosine values. An explanation follows: 

Looking at a sine curve or trig, table book, 
you will notice that at 0 degrees, sine = 0, 
rising rapidly with increasing angles at first, 
then progressively slowing in its ascent till 
90 degrees is reached where the sine value is 
momentarily stationary, with a maximum 
value of + 1. 

The 'secret’ is in deriving a progressively 
decreasing value from somewhere to be added 
to the old sine to create the new one. Where 
can we get such a decreasing value from? 

The answer is . . . trumpet fan-fare . . . the 
cosine! 


* RECTANGLE FUNCTION 

* Incut parameters are- (Xl.Yl) coords o-f any corner 

* (X2.Y2) coords of opposite corner 

IF X2 > XI THEN XINCREMENT = +1. 

IF X2 = XI THEN XINCREMENT = 0. 

IF X2 < XI THEN XINCREMENT = -1. 

IF Y2 > Y1 THEN YINCREMENT = +1. 

IF Y2 = Y1 THEN YINCREMENT = 0. 

IF Y2 < Y1 THEN YINCREMENT = -1. 

SET Y - Y1 

FOR X = XI TO (X2-XINCREMENT) STEP XINCREMENT 
PLOT(X, Y) 

NEXT X 


SET X « X2 

FOR Y = Y1 TO (Y2-YINCREMENT) STEP YINCREMENT 
PLOT(X, Y> 

SET Y = Y2 

FOR X = X2 TO (Xl+XINCREMENT) STEP (-XINCREMENT) 
PLOT(X, Y) 

SET X = X2 

FOR Y=Y2TO (Yl+YINCREMENT) STEP (-YINCREMENT) 
PLOT(X»Y) 

END. 








Going bacK to our trig, table again it will 
be found that the cosine has a maximum 
value of +1.0 at 0 degrees, progressively 
decreasing towards a value of zero as 
90 degrees is approached. If a small portion 
of the current cosine value is added to 
the current sine value, it will yield the new 
sine value. 

Fine. So where do we get the new cosine 
value from? 

Notice that the amount by which the cosine 
decreases is progressively increasing as 
90 degrees is approached. (Yes, it is a mouth¬ 
ful.) In other words, an increasing value is 
being subtracted from the cosine at each 
step. Where can we find a number which just 
happens to be increasing? 

The source of a suitable increasing value is 
found to be the sine (surprise, surprise). 

We therefore take a small portion of the 
sine value and subtract it from the old cosine 
to give the new cosine value. 

The pleasant feature of this approach is 
that the method follows through into the 
second, third and fourth quadrants without 
the need for any further trickery. 

Further subtractions from the cosine 
value after 90 degrees is reached make it 
swing negative, and further additions of a 
portion of this negative cosine to the sine 
value make the sine start dropping from +1 
towards zero, and so on. In this way, the 
values of the sine and cosine leap-frog right 
around the circle, eliminating the need for 
traditional calculations based on a known 
angle. The information required for the next 
point is extracted from the previous point 
values. Wake up! 

Before tackling the final algorithm chosen 
for circle and ellipse plotting, a simplified 
version will be examined. This version is a 
'stripped’ example of the 'bells and whistles’ 
model. It has the advantage of significantly 
greater speed due to the lack of multipli¬ 
cation operations, sacrificing the ability to 
draw ellipses. If only circles were needed,' 
and speed was vital for a particular applica¬ 
tion, it could be used in place of, or better 
still, in addition to the ellipse function. 

It is slightly different to the previous 
description in that the variables SINE and 
COSINE, instead of containing values varying 
between +1 and -1, contain values varying 
between + RADIUS and -RADIUS. The con¬ 
cept is the same, just the magnitude of the 
variables has been changed to gain speed. 


You will notice spontaneously, if nudged, 
that the divisions can be done in machine 
language as simple right shifts, as long 
as the divisor, in this case PORTION, is a 
simple power of 2. e.g: 32,64,128 etc. 

Increasing values for PORTION give more 
plotted points along the perimeter of the 
circle, allowing circles of larger radius to 
be plotted without gaps. This also causes 
the values of SINE and COSINE to be altered 
in smaller increments, more closely approx¬ 
imating a true differentiation function, 
resulting in a rounder circle at the same 
time. Very helpful if circles are round, it is. 
Saves overworking your imagination. Sadly, 
you must sacrifice speed if you want large 
circles or high precision. Try experimenting. 

The final value of PORTION chosen for the 
machine language version is 128 (2 to the 
power of 7). This allows circles with a radius 
of up to approximately 140 to be plotted with¬ 
out gaps. (That’s huge.) If your application 
doesn’t require such large arcs, a doubling of 
speed can be obtained by selecting a value for 
PORTION of 64. A value of 32 would further 
double the speed but the maximum radius of 
35 (now) is starting to become restrictive, 
and the circle gets a little slanted to one side. 


* ELLIPSE FUNCTION 

* Ineut variables are - XCENTRE 

* - YCENTRE 

* - HRADIUS 

* - VRADIUS 

LET SINE = 0. 

LET COSINE = 1.0 
LET PORTION = 12S 


There is no correct value, merely values of 
greater or lesser convenience. 

We chose a value of 128 to keep the pre¬ 
cision high. It gives the maximum usable 
precision for the ETI-640 and could be 
regarded as the practical upper limit here. 
At a radius of 140, the circle has a diameter 
of 280 and wraps around the screen due to 
byte overflow. It is a simple matter to alter 
the precision if desired. 

The final algorithm presented now is 
identical to the machine code version. The 
penalty for ellipse plotting capability is the 
need for two multiply operations per loop, 
which slows it considerably. Unfortunately 
we must do true multiplies, not just left shifts. 

In this version 'correct’ values for sine and 
cosine are kept in the variables SINE and 
COSINE with values between +1 and -1. 
These values are multiplied by the vertical 
and horizontal radius and added to the ellipse 
centre coordinates to give the final plot poipt 
coordinates. Remember, this happens some 
804 times per circle if PORTION is set at 128. 

A comparison to the previously plotted 
point is performed to ensure freedom from 
double plotting. Some twiddling to the loop 
counter eased testing for the exit condition. 



LET XPLOT = XCENTRE + HRADIUS (Plot first point) 

LET YPLOT = YCENTRE 
PLOT < XPLOT,YPLOT) 

FOR COUNTER = 0 TO 3. 14159 STEP 1/25S 

SINE = SINE ■*- COSINE/PORTION 
COSINE = COSINE - SINE/PORTION 

NEWXPLOT = INTEGER (COSINE » HRflDIUS + XCENTRE + 0.5) 
NEWYPLOT = INTEGER ( SINE * VRADIUS + YCENTRE + 0.5) 

IF NEWXPLOT = XPLOT 

AND IF NEWYPLOT = YPLOT 

THEN GOTO NEXT-COUNTER (Same as last, SKIP plot) 


XPLOT = NEWXPLOT 
YPLOT = NEWYPLOT 
PLOT<XPLOT, YPLOT) 
NEXT COUNTER 
END. 


Software interfacing 


* CIRCLE GENERATOR ALGORITHM 

* Input variables art - XCENTRE X coord of Orel* centre 

* - YCENTRE Y coord o+ circle centre 

* - RADIUS Desired circle radius 

LET SINE = 0. 

.LET COSINE = RADIUS 

LET PORTION - 128 (Seeed/accuracr trade-off value) 

LET XPLOT = XCENTRE + RADIUS 
LET YPLOT = YCENTRE 

PL0T(XPLOT,YPLOT) (Plot first Point on circle) 

FOR COUNTER = 1 TO 804.2477 ( = 2 * PI * PORTION ) 

SINE = SINE * COSINE/PORTION (Calc new sine) 

COSINE = COSINE - SINE/PORTION (Calc new cosine) 

XPLOT = INTEGER (XCENTRE + COSINE + 0.5) (Round result) 

YPLOT = INTEGER (YCENTRE + SINE +■ 0.5) 

PLOT(XPLOT,YPLOT) (and Plot it) 

NEXT COUNTER (Back for more?) 

END. 


The program was designed to make inter¬ 
facing as easy as possible (we hate phone 
calls) while allowing for future expansion in 
the number of supported functions, or changes 
in the number of parameters passed to it. 

The only absolute address you need to 
remember is the subroutine entry point 
‘ENTRY’ at hex 6400. All the parameters 
which need to be communicated to or from 
the program are stored in a 6-byte table 
starting at 'ENTRY+3’, hex 6403 through to 
6408, inclusive. The number of parameters 
required to be passed depends on the desired 
function. See tables opposite. 

Speculation 

This package is by no means complete, and it 
can never be so, due to the diversity of 
requirements in different applications. It is 
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ADDRESS LABEL USE 

HEX DECIMAL 




4 SET PIXEL 1.2 

5 CLR PIXEL 1.2 
S INV PIXEL 1.2 
7 TST PIXEL 1,2 


B SET LINE 1.2. 3. 4 

9 CLR LINE 1.2.3. 4 

10 INV LINE 1,2.3. 4 


12 SET RECTNGL 1.2,3, 4 

13 CLR RECTNGL 1,2, 3. 4 

14 INV RECTNGL 1,2, 3, 4 

15 N. U. 


16 SET ELLIPSE 1,2,3, 4 

17 CLR ELLIPSE 1,2,3, 4 

18 INV ELLIPSE 1,2,3, 4 

19 N.U. 


Parameter 2 is the Y coordinate. 
As above. 


"BITVAL". 




designed to be easily extendable and as fast 
as possible. Computer graphics can never be 
too fast. 

If you have a different memory-mapped 
VDU, don’t despair, as only the subroutine 
'CONVRT need be changed to perform the 
required coordinate translation. If your 
VDU has a greater coordinate addressing 
range, the use of 16-bit arithmetic will be 
necessary. Those of you with Z80/ETI-640 
combinations are invited to try your hand at 
rewriting this program. 

Hardware tricks to consider are pre¬ 
programmed ROMs on I/O ports to speed up 
coordinate-to-address conversion or for use 
as look-up tables for trig, or multiply/divide 
functions. 

We chose not to do this here, as it was 
judged to be out of the range of the average 
part-time hobbyist. 

The user should try to adapt and use the 
program according to the application needs. 

It works quite well as a Napoleon hat or a 
fleet of paper darts. 

Reader application examples are invited, 
as we are burnt out. We are currently 
threatening upgrades to the program such as 
macro function capability, relative coordinate 
addressing and string processing functions. 
These will most likely be added as a 'front-end’ 
program, which preprocesses the extended 
functions and feeds the derived parameters 
to this one. 

A 6809 (wot’s dat) version is currently in 
the pipeline, and if this article makes us rich 
and famous, it may get some airplay as well. ► 


HELP 

FIGHT 

THE 

SILENT 

KILLER 


Kidney disease is the silent killer in 
Australia today. It may be present 
without apparent symptoms — & 
hundreds of Australians die of it 
every year. 

But because people can’t see their 
kidneys and don’t know much about 
their functions, they miss the vital 
early warning signs. 

Our kidneys are, in fact, miraculous 
miniature laboratories containing 
one to two million filters that help 
control blood pressure & the 
important balance of salt & water in 
our bodies. Yet over 300,000 
people consult their doctors each 
year with kidney complaints. 

The Australian Kidney Foundation 
is the only voluntary gift-supported 
community health organisation 
solely concerned with fighting 
kidney disease, the silent killer. The 


Foundation provides research & 
education programmes to both the | 
general public and the medical I 
profession. As well as life-giving aid I 
to thousands of ordinary 
Australians. 

We need urgent financial support to I 
continue our work — and we need | 
kidrfey donors. 

For more information, ring the 
number below. Any donation of $2 I 
or over is tax deductible and 
bequests, endowments and 
legacies are exempt from State & I 
Federal Estate duties. 

Remember, as someone has s 
rightly pointed out - the life you I 
could help to save could be your I 
own. 

The Australian Kidney Foundation, I 
1 York St., Sydney. Phone271436 f 
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SOURCE LISTING — 
640/685 graphic driver 
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MICROBEE COLUMN 


HARDWARE-SOFTWARE TIPS Colin Johns, Waverton NSW 


My MicroBee is now nine months old, and the following 
tips are intended to help other kit owners progress a bit 
faster than I did! 

With a really good program the 'Bee is a fantastic 
machine for the money, but unless you want to buy all 
your programs on cassettes it is not easy to find 
suitable listings. TRS-80 programs are a good source 
if there are not too many POKE instructions as the 
Bee uses different memory locations for the screen, etc. 

Remember to change any PRINT@ statements to 
CURS and change SET statements to SETH to avoid 
having the graphics inverted due to the Bee's different 
way of inverting the Y axis. 

Change any HOME to CURS 1 and use INTEGER 
constants wherever possible and ignore any INT state¬ 
ments since your constants are already INTEGERS. 

On the hardware side, the following ideas may be 
useful to kit owners. Originally, Applied Technology 
advised using a 3 V memory backup battery, but now a 
4.5 V battery is recommended as this prevents odd 
bits being lost from programs. However, it is still good 
practice to switch the Bee on after your monitor and 
printer etc, and off first to avoid power supply glitches. 

I cured a very annoying hum modulation problem by 
soldering the leads from the plugpack directly to 
the ends of diode D15 (after checking the polarity of 
the leads several times). I also replaced the input 
protection diode D14 with a 3 A type, the original ran 
too hot for my liking. 

Finally, I took the two 5 V regulators off the printed 
circuit board and attached new ones, without the 
heatsinks, directly to the heavy metal base of the Bee 
where they remain delightfully cool. You have to run 
four leads to the printed board which makes service 
slightly more difficult, but the reliability should more 
than compensate. (You may need lu tantalums 
across the OUTPUT and REF. leads of the regulators 
to preserve stability ... Ed.) 

two modifications to the Bee are very useful. First, 
buy an extra keyswitch and blank keytop and install 
these beside the spacebar on the bottom.row of the 
keyboard. Wire one side of the switch to earth, the 
other contact to pin 24 of the Z80. 

This is the WAIT pin and grounding it will halt 
execution of the program or listing without destroying 
any information. 

Releasing the key allows the unit to continue. I 
found this a very useful addition. 

The Z80 can function at over 4 MHz and this 
frequency is available from pin 9 of IC32. To run the 
Bee at 4 MHz, lift pin 8 of IC32 from the pc board and 
solder a lead from the 1C (carefully) to one side of a 
SPDT switch (which I mounted beside the BREAK 
key). Connect a lead from pin 9 of the 1C to the 
other side of the switch and from pin 8 to the moving 
arm — these last two leads are taken from underneath 
the board. 

Press the WAIT key while changing the switch — 
strange things can happen if the Z80 misses a few 
clock pulses while it is operating! At 4 MHz the Bee 
really has a sting, even BASIC games such as Tennis 
become a challenge. 

Note that this mod. is not an approved A-T one, but I 
have not found any problems in any machines which 
use it. Of course, the sound range is higher and 
cassette loading speeds are doubled too. 

Learning to program the Bee would be easier if 
there were lots of programs available from which to 
pick up points and routines. The excellent game 
FOUROW' which was published in the June '82 
edition of Microworld Report is a good example of the 
capabilities of the Bee, and useful routines such as 
the PCG Generator program by Harry Purvis (published 
in the December '82 edition of Your Computer ) 
help tremendously. 


The best book of programs for beginners I have 
found so far is The A to Z of Computer Games by 
Thomas Mclntire. This does explain how programs 
work, but there is a bit of recoding to be done (he 
uses P for one player, PI for another etc), but using 
the GX function to change illegal functions will soon 
get things moving. 

If your MicroBee programs do not work, look out for. 
the following. 

a. If you see STACK OVERFLOW ERROR after 
using a program for a little while, you have probably 
used an illegal exit from a FOR-TO loop, use the 
NEXT’ construction as per this example: 

10 FOR ax 1 to 10 
20 IFb=aTHEN NEXT’40 
30 NEXT a 
40 PRINT "b=a" 

b. If your unit keeps showing "ILLEGAL VARIABLE' 
errors, look for a dimensional array problem. For 
instance, if you use DIM D(4,4) in a program and 
somehow refer to D=X or any other constant or 
variable then the Bee will quietly redimension D 
and the array D(4,4) is lost. This is not mentioned 
anywhere in the manuals and took me six months 
to figure out! 

c. If you are using the IN#3 and OUT#3 commands, 
then make sure you clean the recorder heads 
frequently. I found this mode is not at all tolerant 
of errors. 

Note that with the Bee's feature of INTEGRAL and 
F|EAL variables there is no ABS (absolute value) 
function available for integral variables. 

Finally, some notes on the EDASM ROM set. If 
yours do not work, and were fitted by A-T, try swapping 
the chips around. This worked for me! 

The manual supplied.with the EDASM set now is 
much smaller than the original and many commands 
are not now listed although they are still in the 


ROM set. Try the following Monitor commands on your 
machine to check your ROMs: 

(AAAA) is start address 

(BBBB) is finish address 

(EEEE) is auto execute address 

(/) is space code — essential for commands to work. 

FILL MEMORY MODE, will fill memory with whatever 

code is inserted for the letter (C) in the following 

statement. 

F/AAAA/BBBB/C 

e.g: to clear out a 32K Bee, F/0000/7FFF/0 
COMPARE MEMORY MODE will compare two 
sections of memory and will show the differences. 
C/AAAA/BBBB/AAAA/BBBB where the second set 
of start and end address codes are the start and finish 
of the second block of code. This is especially handy 
for verifying tape loading. 

You can also save machine language, source 
language or BASIC language programs at 300 and 
1200 baud rates with the following code: 

To save at 300 baud 
W/'NAME'/M/AAAA/BBBB/EEEE 

To save at 1200 baud, change the W to D. 

The letter after the name can be M for machine 
language programs, S for assembly language, and 
B for BASIC programs. 

You cannot use this to save an A-T machine 
language MicroBee program as these are protected 
programs which self-modify after loading! 

Here is a short program for the Bee. I will send 
some longer and better ones when my printer arrives. 
Note the use of the KEY function to avoid having to 
press RETURN to enter your answers, and the specific 
test for zero to avoid a letter giving a wrong answer 
(without the test for zero, typing any letter will give 
an answer of 0). • 


010 CLS: REM NIC0MACHUS by C.J. 

020 PRINT:CURS 20,2:PRINT "N I C 0 M A C H U S" 

030 PRINT:PRINT"A puzzle from arithmetics of Nicomachus — 

A.D. 90!" 

040 PRINT:PRINT"Please think of a number between 1 and 100." 
050 PRINT:PRINT"Your number divided by 3 has a remainder 
of? 

060 Q08=KEY:IF Q08="" THEN 60 
070 IP Q08="0" THEN LET A=0:GOTO 90 
080 A=INT(VAL(Q08)):IF A<1 OR A>3 THEN 60 
090 PRINT A 

100 PRINT"Your number divided by 5 has a remainder of? "; 

110 Q1$=KEY:IF Q1$="" THEN 110 
120 IF Q18="0" THEN LET B=0:GOTO 140 
130 B=INT(VAL(Q1$)):IF B<1 OR B>5 THEN 110 
140 PRINT B 

150 PRINT"Your number divided by 7 has a remainder of? ": 

160 Q2$=KEY: IF Q2#="" THEN 160 
170 IF Q2$="0" THEN LET C=0:GOTO 190 
180 G=INT(VAL(Q2$) ) : IF C<1 OR 07 THEN 160 
190 PRINT C 

200 PRINT:PRINT"Let me think a moment." 

210 FOR 1=1 TO1000:NEXT I 
220 D=70?A+21*B+15*C 
230 IF D<=105 THEN 260 
240 D=D-105 
250 GOTO 230 

260 PRINT:PRINT"Your number was ";D;", right? Type Y for Yes 
N for No." 

270 Q08 =KEY:IF Q08 = "" THEN 270 
280 IF Q08 = "y" OR Q08 ="Y" THEN 320 
290 IF Q08 ="n" OR Q0B = "N" THEN 330 

300 PRINT"I don't understand ";Q0$;" try Y for Yes or N for No" 
310 GOTO 270 

320 PRINT"How abopt that!!":G0T0 350 

330 PRINT"I feel your arithmetic is in error." 

340 PRINT 

350 PRINT"Let's try another." 

360 GOTO 40 
370 END 
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CLOCK AND TIMER 

M.J. Hennessy, Lae, PNG 


The easy access to the MicroBee data ports and the 
ease with which they can be controlled in software 
holds great promise for use in controlling a host of 
external peripherals or receiving data from external 
sources. 

As an applications microcomputer, the MicroBee 
could be readily programmed to act as an alarm clock, 
turn on the coffee percolator... etc, by sending data 
on the RS232 output or by using the parallel PIO port. 

For a timed sequence of events one usually needs a 
clock and this program uses the MicroBee as a digital 
clock and timer where any number of conditional 
statement? can be set up in the program for the 
MicroBee to act upon them at the time required. 

The program is straightforward and illustrates Use 
of some of the graphics commands in generating the 
display, plus Use of the sound facility for the alarm. 

The clock is set up in the 24 hour mode. However, 
this may be changed to 12 hours by changing the 
reference to the variable Z at lines 180,240 and 500, 

In operation, the program asks for the input of the 
time in hours, minutes and seconds to set the clock 
and the alarm. Invalid time entry, i.e: 25 hrs 67 mins, is 
checked for each input and if an invalid entry occurs 
there is a branch to line 630 where you are politely 
taken back to the start again. 

To finally start the clock, use is made of the return 
key for verification and curiously, with the MicroBee, 
the ASCII value for the return key is decimal 128 and 
this is used at lines 290 and 660 where a verified entry 
is required. 

In setting up the display the CURS statement 
positions the cursor where you want it using X — V 
addressing. 

CURS 8,3 : PRINT 'Digital Timer 
prints out at column 8, VbU line 3. 

Similarly, at line 370 the display is printed out at 
column 18. VDU line 8. 

Use of CURS 18,8 at line 380 is a simple trick to turrf 
off the flashing cursor while the program is running 
and it leaves the cursor where we want it for our next 
printout. 

One feature of MicroBee BASIC that has to be 
admired is the use of logical AND and OR conditional 
statements. I have used AND to show how it can be 
combined with IF-THEN at line 390 so that when hrs. 
min. sec of the clock and alarm are identical the state¬ 
ment is true and our alarm goes off. 

It is at this point that conditional statements of your 
own choosing could be inserted to activate external 
devices using the OUT instruction. 

The aiarm is a loop that runs for one minute starting 
at line 570 and randomly plays each of the MicroBee's 
25 notes, including the rest... enough to wake up the 
deepest sleeper! 

When the alarm finishes the time Is advanced by 
one minute and the clock continues. I should mention 
that, for any event that you ask the MicroBee to do, 
after it occurs the time must be adjusted. As clever as it 
Is, the MicroBee can only do one thing at a time. 

While on the point of adjusting the time, the speed of 
the clock is controlled in the subroutine from line 530. 
This is a one second loop. 

Finally, to brighten up the display, I opted for a 
border around the hrs. min. sec. 

I drew a border using the low resolution graphics 
initiated by LORES at line 320 followed by a series of 
PLOT statements. 

What else does the program do? ... it gives a 
BEEp every hour on the hour! 
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00100 CLS 

00110 REM ...Clock and Timer... for MICROBEE OS 5.10 

00120 REM M.J.HENNESSY. 

00130 REM 

00140 CURS 20,3:PRINT "Clock and Timer." 

00150 PRINT 

00160 PRINT"Enter time to start clock." 

00170 PRINT 

00180 INPUT" Hours = ",Z;:IF Z => 24 THEN 630 
0C190 INPUT" Minutes = ",Y;:IF Y => 60 THEN 630 
00200 INPUT" Seconds = ",X1:IF XI => 60 THEN 630 
00210 PRINT 

00220 PRINT"Enter time for alarm or function to occur." 
00230 PRINT 

00240 INPUT" Hours = ",W;:IF W => 24 THEN 630 
00250 INPUT" Minutes = ",V;:IF V => 60 THEN 630 
00260 INPUT" Seconds = ",U1:IF U1 => 60 THEN 630 
00270 PRINT 

00280 INPUT" Press RETURN to start clock.";Al$ 

00290 IF ASC(Al$) <> 128 THEN 280 
00300 CLS 

00310 CURS 8,3 : PRINT"Digtal Timer." 

00320 LORES 

00330 PLOT 28,30 TO 100,30 
00340 PLOT 100,30 TO 100,18 
00350 PLOT 100,18 TO 28,18 
00360 PLOT 28,18 TO 28,30 

00370 CURS 18,8 :PRINT "hrs ";Z;" : min ";Y;" : sec ";X1 

00380 CURS 18,8 

00390 IF XI = U1 AND Y = V AND Z = W THEN 580 

00400 GOSUB 540 

00410 X1=X1+1 

00420 IF Xl=60 THEN 440 

00430 GOTO 370 

00440 XI = 0 

00450 Y = Y + 1 

00460 IF Y = 60 THEN 480 

00470 GOTO 370 

00480 Y = 0 

00490 Z=Z + 1 

00500 IF Z = 24 THEN LET Z = 0 
00510 PLAY 16 
00520 GOTO 300 

00530 REM ...SECOND COUNT LOOP... 

00540 FOR B = 1 TO 383 
00550 NEXT B 
00560 RETtJRN 

00570 REM...ALARM OR FUNCTION... 

00580 FOR N = 1 TO 370 
00590 PLAY INT(RND*25) 

00600 NEXT N 
00610 Y=Y + 1 
00620 GOTO 370 

00630 REM ...INVALID ENTRY STATEMENT... 

00640 PRINT:PRINT"The last time entered was invalidPRINT 
00650 INPUT"Press RETURN to start again...";B1$ 

00660 IF ASC(Bl$) <> 128 THEN 640 ELSE 100 
00670 END 











RANDOM NUMBERS 


Tom Moffat, Fern Tree, Tas. 

One of any computer's more interesting features is its 
random number generator. Without it, games would 
be very dull and many statistical operations would be 
impossible. The random numbers so generated aren't 
really random, they’re pseudo-random .. .they follow 
a pattern, but it’s so complicated the results look like 
pure chance. 

The best practical way to get true random numbers 
out of a computer is to use a noise diode or some other 
noise source and store the highs and lows so generated 
as ones and zeroes in the computer. The technique 
would be worth some experimentation. The MicroBee's 
random number generator develops real numbers 
between 0 and 1 which are then multiplied by some 
factor to provide the range of numbers required. 

How random are the numbers? Does the MicroBee 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00 190 

CHARACTER GENERATOR 

Miroslav Kostecki, Elizabeth Park SA 

After encoding many PCG characters by hand, I finally 
decided to write a program to do the encoding for me. 
This small program encodes up to 120 programmable 
characters in a 6 x 20 PCG block. 

An enlarged working’ character is displayed on the 
left of the screen with a grey cursor to mark the dot to 
be changed. Pressing the space bar places a black 
dot and pressing any letter leaves a white dot. These 
changes cause the encoded decimal value to be 
updated on left of the line of dots. The cursor may be 
moved to the next line of dots by simply pressing the 
slash (/) key. 

All changes on the enlarged character simult¬ 
aneously modifies the coordinate character living on 
the lower right of the screen. These consist of a 6 x 20 
PCG character block with a scale on each axis. Any 
one of these may be chosen as a working character by 
keying the appropriate coordinates. This specified 
character is then enlarged to the left of the screen and 
all lines are encoded. 

Thus, blocks of up to 6 x 20 characters may be 
programmed and corrected with the finished product 
displayed instantly. If you couldn't quite follow all this 
then don’t worry, just run the program, push a few 
buttons and it all should make sense. 

. You can now use the decimal coding on the left to 
produce PCG characters, like monsters for games, 
special mathematical symbols or 3D pictures. This is 
done by poking generated values into the PCG RAM 
space (decimal 63488 — 65535) and then using the 
CHR function or the PCG command. This is how the 
grey cursor and white blocks were produced. 

I hope you find this little program useful. 


play with loaded dice, or stack the deck against you? 
This program lets you see the random number generator 
working, then displays a statistical distribution of the 
numbers generated. 

A total of 4096 numbers are generated, ranging 
from 0 to 127. These are displayed in 128 stacks of 
pixels across the bottom of the screen. Zeroes are 
stacked on the left, 127s on the right, and everything 
else in between. 

If the random number generator were perfectly 
random there would be an equal quantity of each 
number generated. For 4096 numbers that would be 
32 of each. Each stack shown on the screen would be 
of equal height. 

But things don't work that way, as you'll soon see 
... watching the program is like watching the grass 


grow! When the 4096 numbers are complete, the 
computer beeps, clears the screen and then shows a 
graph of how many stacks got 32 numbers, how many 
got 33, 34, 31, 30, and so on. The big vertical line 
represents the 32 mark. 

If one particular stack gets to 47 before the total of 
numbers reaches 4096 a graphics error will cause the 
statistical result to be displayed early. In this case 
there will be no beep. 

You may sometimes notice that one number is 
heavily favoured. At other times some number may 
badly miss out. But this is all part of the game of 
randomness. If you would watch the program for an 
infinite length of time you would possibly see them all 

You'd certainly develop a nasty case of eyestrain! £ 


REM Random number ( 
REM Tom Moffat 
CLEAR: CLS: LORES 
ON ERROR GOTO 210 
DIM X<127), Z<127) 
FOR A=1 TO 4096 
Y=INT < RND*128) 

SET Y,X<Y) 

X(Y)=X < Y) +1 
NEXT A ' 


00200 PLAY 1 
00210 CLS 

00220 FOR A=0 TO 127 
00230 P=X(A) 

00240 SET P,Z<P) 

00250 Z<P)=Z<P)+1 
00260 NEXT A 

00270 PLOTI 32,16 TO 32,- 
00280 GOTO 280 


CHARACTER GENERATOR 

00100 REM *** Character Generator 
00110 REM by Miroslav Kostecki ; 30.3.83 
00120 CLS: HIRES: G!=E5519: ZONE IS 

00130 PRINT,," CHARACTER GENERATOR 1 '*" iA: ", , IA21 12SI 

00140 D=9E: E=25S: FOR A=1 TO 20 

00150 IF A <7 THEM CURS 30,10+A: PRINT A; "I"; 

001S0 IF A<17 THEN POKE Q+A,255: POKE Q+A-lb,85 
00170 CURS 32+A,10: PRINT CHRCE4+A);: NEXT A 
00180 CURS 32,3:PRINT "Press ‘space’ bar for no dot, 
00190 ZONE 15: PRINT,," any letter to Place a dot,’" 
00200 PRINT,," ’/’ to move the cursor down," 

00210 PRINT,," and the coordinates to charise" 

00220 PRINT,," the character Position." 

00230 PRINT,,," eg:‘IB’" 

00240 REM # Active section follows # 

00250 FOR A=1 TO IS: Q=D-A: IF M=1 THEN 320 

002E0 FOR B=0 TO 7: X=10+B*2 

00270 CURS X,A: PRINT IA2 254];: CURS X,A 

00280 A1$=KEY$: IF Al*="" THEN 280 

00290 IF Al$>"0" AND Al$<"7" THEN NEXT*B 370 

00300 IF Al*="/" THEN LET M=2: NEXT+B 320 

00310 IF Al*=" “ THEN RESET B+E,Q ELSE SET B+E,Q 

00320 S=0: T=12S: CURS 10,A: FOR C=0 TO 7 

00330 IF POINT(C+E,Q) THEN PRINT[A2 255];: 

S=S+T ELSE PRINT" "; 

00340 T=T/2: NEXT C: CURS 5, A: PRINT tI4 Si; 

00350 IF M=0 THEN NEXT B 

003E0 M=M-M/2*2: NEXT A: M=0: GOTO 250 

00370 CURS E4: PRINT Al$;: D=112-1NT<VAL(A1$))+16 

00380 A1$=KEY: IF A1$<"A" OR A1*>"T" THEN 380 

00390 PRINT Al$: E=ASC<A1*)+S-2E4: M=l:NEXT*A 250 

00400 END « 
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USING YOUR MICROBEE AS 
AN AUDIO FREQUENCY 
COUNTER 


How many times have you said, "Oh, how I wish I had 
a frequency counter!" But most people couldn't justify 
the cost of several hundred dollars just for the occa- 

But if you load this program into your Microbee you'll 
be able to measure audio tones up to 12 kHz or so, 
with the frequency displayed in nice big characters on 
your television screen. 

What can you use it for? Are you building the ETI- 
905 polyphonic organ? You'll need a frequency 
counter to set it up. A computer modem? An RTTY 
modulator? Testing your stereo? A frequency counter 
is almost essential for all of these projects. 

Now for some details of how it works .. .The fre¬ 
quency to be measured is fed into the Microbee's 
cassette port via the interface shown in Figure 3. You 
insert the plug that normally goes to the 'earphone' 
socket into the interface socket instead. The tone is 
applied at the other end. Perhaps some enterprising 
manufacturer will offer the interface as a kit. 

Within the Microbee is an 1C amplifier/protection 
circuit that squares up the signal and presents it to bit 0 
of data port 2. The program inputs the contents of the 
port and compares it with the result of the previous 
input. If bit 0 went low the carry flag is set. The carry 
flag, regardless of its state, is rotated into theT posi¬ 
tion of the BC register, which is then added to HL, the 
frequency count. So HL increments for each cycle. 

Meanwhile register DE has been loaded with a 
number that takes precisely one second to count 
down to zero. Each time the port is tested, DE is 
decremented as well. When DE runs out of steam and 
the program exits the loop, the HL register contains a 



binary number that is the number of audio cycles that 
occurred in one second. The binary number is con¬ 
verted to decimal and displayed on the screen by a 



= DON T CARE 


Figure 1. A complete numeral. Figure 2. Graphics character format. 


ANOTHER WIRE ^ 

Figure 3. The interface 



successive subtract' division routine. Then the whole 
procedure repeats. 

The characters that appear on the screen are spe¬ 
cially constructed from graphics characters available 
in the Microbee, although not widely known about. 
They're produced after you call the LORES' initialise 
subroutine. You then write characters to the screen 

There are six pixels in each graphics character, and 
12 graphics characters are used for each numeral, 
giving 72 pixels for each character. Figure 1 shows 
how an '8' is formed from the 12 graphics characters. 
Figure 2 shows how the data is developed for each 
graphics character. 

The resulting numerals stand 35 mm high on a 
300 mm (12 inch) TV monitor; they're bigger than any 
LEDs you'll find on a proper' frequency counter. 

For what it's worth, this graphics character' busi¬ 
ness will work on a TRS-80 as well. 

The accuracy of the Microbee as a frequency 
counter is excellent, with the timebase being derived 
from the Microbee's 12 MHz crystal. The quantity for 
register DE in line 190 has been calibrated against a 
you-beauty' super accurate Systran Donner counter, 
and should hold for all Microbees if the 4 MHz crystals 
are any good. 

Sensitivity is also quite good, about 100 mV peak- 
to-peak at 1 kHz. At 10 kHz, it's 200 mV and at 5 Hz, 
800 mV (that 10On capacitor is obviously getting in the 
way at such a low frequency). 

The program has been written, by the way. so you 
can use the clear screen' and big number proce¬ 
dures in your own programs. They ve been presented 
as separate subroutines. 

All in all, it's not a bad little frequency counter, even 
though it s limited to audio frequencies. 

If you don't feel like wrestling with all that nasty 

to the author brings the program on a cassette which 
can be loaded under BASIC, and an instruction sheet. 
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SCREEN DUMPER 






0400 0011.0 





.■PUT BYTE BRCK 
i OUTPUT BYTE T 
iMOVE TO NEXT 
jDEC COUNTER FOR LINE 
iLOBO B WITH LINE FEED CP 
iOUTPUT BYTE TO PRINTER 
>DECREMENT LINE POINTER 
i PUT NO OF LINES IN r 


j PUT R " IN R 


i PRINT IT!!! 
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CALENDAR Noel Bailey, Maryland NSW 


This program will print out a calendar for you, either for 
years ahead of the present, or years past. The program 
should work for any date from 1753 onwards since our 
modern calendar dates from this time. I believe that 
our calendar will be out of phase with the seasons by 
one whole day around 10 000 AD. I don't think that I'll 
be worried when the time comes. 

The listing was done on a Model 15 teleprinter 


which does not have the relational operators greater 
than' and less than and most importantly, semicolons 
which have been used a lot in this program. Con¬ 
sequently I have penned them in (and hope not to 
have missed any!). 

Lines 160 and 560 may be removed from the program 
or altered for whatever configuration of printer is being 
used. My system uses 1200 baud output to a 2650 


microprocessor which converts 1200 baud ASCII to 
50 baud baudot. The 2650 sends back a ready’ flag to 
hold the MicroBee until the machine is ready to accept 
the next character. To the ear, the baudot seems to be 
going at full speed, but it is still slow in this age of line 
printers. 

Note that the 'pound' sign (£) equates to the hash' 
symbol (#) on the MicroBee. 


N THE 6TH FEB 1983. 


0 PR INT *WHAT YEAR WOULD YOU LIKE?* 


D 1200 BAUD PRINTER. 
DUR OWN PRINTER. 


0 INPUT Y 
0 IF Y<1753 THEN PRINT'YEA 
0 PRINT'CALENDAR FOR »;Y 


MUST BE AFTER 1752*8 GOTO 180 


0 PRINT'SUN MON TUE WED THU FRI SAT': 

0 RETURN 

0 PRINT 7AB<11);'JANUARY'} TAB<45)5'FEBRUARY'8RETURN 
0 PRINT TAB( 12 ) } 'MARCH '8TABC46) • 'APRIL.»8RETURN 
0 PRINT TAB( 13 > J 'MAY ' ’,TABC 47 )} 'JUNE * 8RETURN 
0 PRINT TAB<13),*'JULY';TABU6>;'AUGUST'8RETURN 
0 PRINT TABC10)}'SEPTEMBER'JTABC 45) .-'OCTOBER'8RETURN 
0 PRINT TAB<11>J'NOVEMBER 'JTABC 45)1'DECEMBER'8RETURN 
0 IF Y-Y/4X4*0 THEN 700 


00270 
0028 0 
00290 


P*I./100 

A*P/48Z*C5XL)/4 
Z*36+Z-P+A 
D(1 )*Z“7XCZ/7) 

G0SUB 680 

REM A IS THE COUNTER FOR E 


00 7 00 I 
007 10 L 
007 20 R 
0073 0 F 
00740 I 
00750 A 


/400X400*0 THEN LET L* 
1 FOR LEAP YEAR ELSE L 


H PAIR OF MONTHS. 


U UN A GUSUD 

0 REM PRINT WEEKDAY HEADINGS. 


0 REM R IS THE COUNTER FOR HORIZONTAL ROWS. 

0 FOR R*1 TO 6 

0 REM C IS A COUNTER FOR VERTICAL COLUMNS FOR ODD MONTHS. 

0 FOR C«1 TO 7 

0 IF R*1 AND DCAX2-1 )*>C THEN PRINT' '5 8 COTC 430 
0 IF C-DCAX2-1 )+(RX7-7)>B< AX2-DTHEN PRINT' ",8 GOTO 430 
0 PRINT TABCCX4-3 JJC-DCAX2-1D+CRX7-7 )*, 

0 NEXT C 

0 REM K IS A COUNTER FOR VERTICAL COLUMNS FOR EVEN MONTHS. 
0 FOR K*1 TO 7 

0 IF R*1 AND DCAX2JOK THEN PRINT* ' • 8 GOTO 490 
0 IF K “DC AX 2 )+< RX7-7)>B(AX2 )THEN PRINT' '-,8C0T0 490 

0 PRINT TABCKX4-3+34)$K-DCAX2)+CRX7-7)$ 


0 IF L» 

00770 A*A/2 
00780 GOTO 820 
00790 A*M+1 

00800 A*INTCTLTCA)X30.6) 
00810 IF L=0 THEN LET A*i 


0 REM TO CALC THE DAY N 
0 REM FALLS ON 
- 1*2 TO 12 


: AX63 ELSE LET A*AX62 


THAT THE 1ST OF EACH MONTH 


009 1 0 
009 20 
0093 0 


00540 N 
00550 N 
0056 0 0 
005 7 0 E 
00580 G 


0 8PRINT TABC35 > j 8 GOSUB 6001PRINT 


DC I)*DCI)-DCI)/7X7 


FOR 1*1 TO 
READ BCI) 
NEXTI 


20 2 1 22 23 24 
27 28 29 30 


11 12 13 14 15 


PROGRAM DATA GENERATOR Hans Beilharz, Kareela NSW 


This program can be added to the Character 
Generator program or any similar program, to 
automatically generate DATA statements and 
store them on tape so that they can be merged 
to another program. This saves having to write 
down the values from the screen and then typing 
the lot. 

The DATA line numbers start at 10000 
although this can be changed to any value; see 
line 540. When the shape is finished press tab 
and then follow the instructions for using the 
tape recorder. 

To merge DATA to another program first load 
the other program, making sure no lines conflict 
with the DATA line numbers. Then type IN#2 
return, start the tape and the DATA lines will be 
added to the program. 

It is best to set SPEED to 0 for all merge 
operations. Press reset (warm start) to get 
control back when finished. 

Add line 285 to the Character Generator 
program then add the lines 500 to 620. 

285 IF ASC (A1$) = 9 THEN 500. 


505 CLS 

510 PRINT "Set up tape recorder, press RETURN when ready" 
520 A14=KEYJ: IF ASU(A1S)=13 THEN 530 ELSE 520 
530 PRINT" recording DATA" 

540 0UT#2 ON:- L=10000 

550 x=USED-l :FOR a=63488 TO 63488+X*l6 STEP 16 
560 PRINT L; " DATA";PEEK(A); 

570 FOR B= 1 TO 15 
580 PRINT ","fPEEK(A+B); 

590 NEXT B: PRINT " " 

600 L=L+10:NEXT A 

610 0UT#2 OFF:PRINT"Finished switch off tape recorder" 
620 END 
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Now there’s no excuse for sending in badly typed 
articles. J. Murfet has solved a few problems for 
you, and hopefully, for us as well. 

His ‘Typing Tutor’ program should soon have you all 
producing accurate and neat letters and programs. 
Sometimes it’s not easy to figure out, midst the 


blotches and corrections, what you're really trying to 
say. 

And if practising your typing doesn't keep you busy, 
you can try out the ‘Screen Saver’ which is another 
useful program. 


SCREEN SAVER D.J. Whyatt, South Plympton SA 


This utility machine code program allows the 
contents of the screen RAM to be dumped 
elsewhere in memory, to be recalled alter. This 
means that a particular text or graphic display 
may be written or drawn once, and then instantly 
returned to the screen. 

This is especially useful for slow, hi-res 
graphs, plots, or diagrams. Any number of 

SCREEN SAVER 


01050 FOR L=15000 TO 1505a 


screens may be saved, depending only upon the 
available memory space. 

Each dump requires 3072 bytes; some exper¬ 
imentation is sometimes required to find a safe 
area. The code may be stored anywhere, 
provided allowance is made for this when the 
routine is called. 

The following example uses 15000 for saving 


01050 NEXT L!RETORN 

01060 DAT* 89,80.55.0,2*0,1,0.A, 257 , 176 , 55 .0,24! 
01070 DATA 1.0.8,257,176,201,0,105,96'.17,0,2*0 


and 15020 for retrieval. 

To load the code, use a GOSUB 1000 early in 
the host program. 

To save a screen to 8000, enter 
S = USR(15000,8000) 

To retrieve screen from 8000, enter 
S = USR( 15020,8000) 


TYPING TUTOR 


J. Murfet, Hadspen Tas. 


Here’s a Typing Tutor program that takes 5K of 
memory and has room for modification. A 
keyboard is put together with the PCG RAM and 
the keys used for the eight fingers to ‘rest’ on are 
indicated. 


A random sentence is then generated and the 
student is directed to copy that sentence. If the 
wrong key is pressed, a note is sounded and the 
letter is not printed. The program is aimed at 
accuracy rather than speed. 



00260 REM *** BUILD THE KEY TOPS AND LETTERING *** 


00310 K=63488+48*16 


00540 PCGs PRINT "abbbbbbbbbbbbSbPbAHCbEbbbbbbbbbbbbc"! NORMAL 
00550 REM *** COMPOSE SENTENCE FROM DATA «** 


Z=INT (RND*8M 


CURS 25, l! PRINT " SENTENCE " J 




0O39O INPUT "HOW MANY SENTENCES TO BE TESTED?";B; 


00440 REM *** DRAW KEYBOARD *** 





GIVE IT ANOTHER TRY" 
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MICROBEE COLUMN- 

00760 PLAY 0,30: CURS 1,8: PRINT "0/ERALL YOU MADE "N" MISTAKES."; 
00770 IF N>B*3 THEN PRINT "YOU NEED MORE PRACTICE." 



00790 IF FLT (N)<FLT (B) * .3 THEN PRINT " A VERY GOOD RESULT, CONGRAT¬ 
ULATIONS" 




EATHER","SUCKED","COLD","RAT" 


"BIGGLES","SHOT","SMOOTH","PRESSED HAM" 
0,255,0,0,0,0,0,0,28,28,28,4,24,0,255,0 




Lissajous pattern 
generator 

Tom Moffat 
Fern Tree, Tasmania 

Back in the days before frequency counters, 
electronics enthusiasts thought up some clever 
ways to measure frequency. One of the classics is 
'Lissajous patterns', produced on an oscilloscope. 
Ever heard of them? I’ll bet you can’t even 
pronounce the word. I can’t! 

The technique works like this: a sinewave of known 
frequency is applied to the horizontal plates of an 
oscilloscope (the usual sawtooth timebase being 
disconnected), perhaps via an amplifier. The unknown 
frequency (sinewave) is then applied to the vertical 
deflection plates (perhaps via the Y amplifier). When 
the two frequencies have a direct integral relationship, 
a stable pattern will appear on the screen. If both 
frequencies are the same (i.e: f x = f y ) and the 
amplitudes are equal, the figure will be a circle. If the 
amplitudes are different, the figure will be an ellipse. 



The two frequency sources must be stable or the 
pattern will roll around at a rate determined by the 
varying difference between the two sources. 

Determining the ratio of the two frequencies from 
the pattern is a simple matter. Count the number of 
maxima on one edge of the pattern in the vertical 
direction, then the number of maxima on one edge of 
the pattern in the horizontal direction. The ratio of the 
two frequencies is then given by: 

jx_ _ vertical maxima 
f y horizontal maxima 
For example, take a 'figure 8' pattern:- 



V 


A commonly used standard frequency is the 50 Hz 
mains supply. You can calibrate an audio oscillator 

over a 10:1 range by tuning it for stable patterns and 
then counting the loops. If you already have an 
accurate audio oscillator you can determine an 
unknown frequency by tuning for a circle, the pattern 
developed when the frequency ratio is 1:1. 

Well, where does the MicroBee come into this? This 
little MicroBee program demonstrates Lissajous 
patterns. You enter the ratios and the computer 
makes the pretty pictures. 

You'll notice that as they get more complicated, they 
shrink. This is done to prevent the graphics routine 
from running out of PCG characters and bombing out 
of the program. 

When run, the program asks for 'X-cydes' and then 
Y-cycles'. The screen then blanks and the fun starts. 
Try 1 for X-cycles and 3 for Y-cycles and you'll see 
where ABC Television's symbol came from! 


00100 REM Lissajous Patterns 23/8/82 
00110 INPUT "X-Cycles" A1 
00120 INPUT "Y-Cycles" 81 

00130 C1=186/SQR<A1+B1): Dl=l42/SQR<A1+81) 

00140 HIRES: P=255: Q=INT<D1+127): SD 4 

00150 FOR R=0 TO 360 

00160 R1=FLT< R>/5?.2 

00170 X1=SIN< R1*A1): Y1=C0S< R1*B1 ) 

00180 X=INT(X1*C1+255): Y=INT<Yi*D1+127’ 

00190 PLOT P,Q TO X,Y 

@0200 P=X:Q=Y 

00210 NEXT R 

00220 CURS 0: GOTO110 

00230 END 
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NOUGHTS & CROSSES 


660 SOFTWARE 


David Pye, Happy Valley SA. 

This program is a game of noughts and crosses for two 
players, but with a slight difference. 

Upon running the program, the standard field’ for 
noughts and crosses is drawn on the screen with 
"O PLAYS" underneath. 

Pressing a key from 1 to 9 puts a 0’ in the 
corresponding square. The "O PLAYS" then changes 
to “X PLAYS” and the X player can then press any key 
from 1 to 9 to put his X in whichever square he wants it. 
(But not on top of the existing 0 — the same goes 
when O plays.) Play then reverts to “O PLAYS”. 

If you fill all nine squares without either player 
getting three in a row, the words ‘END GAME PUSH 
KEY" will appear above "PLAYS". Pressing any key 
then resets the '660 and a new game can commence. 

If a player gets three in a row, pressing key F will 
reset the computer to start a new game. 

Now here comes the twist, if, during a game a player 
takes too long to press a key (about 15 seconds or so), 
the message "TOO LATE!!!" appears above "PLAYS” 
and a decreasing tone sounds. The message "TOO 
LATE" is then replaced by "END GAME PUSH KEY" 
and "O PLAYS" or "X PLAYS" is replaced by 
"O WINS” or "X WINS" as appropriate. 

The time cutoff for making a move makes the game 
more interesting and the delay is not constant as you’d 

The program is structured as follows: 


0602-0618: 


display field (data at 0700-0716) 
call 'display O' routine 
call 'display PLAYS' routine 
key calls for 0; keys 1 to 9 
go to start if 0 misses turn 
swap X for 0 before PLAYS 
end game 

key calls for X; keys 1 to 9 
go to start if X misses turn 
data for PLAYS 
swap X for 0 before PLAYS 
data for 'TOO LATE !!!' 
display routines, for 0 and X 
data for X 
field data 

display 0 at 1st square of field 
and so on for all squares of field 
spare memory 

display X at squares 1 to 9 
routine to display "TOO LATE !!!" 
generate descending tone 
delay for 0 player 
delay for X player 

call and display 'END GAME . . .' 
data for 'END GAME . . .' 


call descending tone 

remove 0 PLAYS and show X WINS 

swap TOO LATE !!! for END GAME . . 
swap X PLAYS for 0 WINS 

remove TOO LATE, show END GAME . . 
routine to display WINS 


NOUGHTS § CROSSES 


x 0600 00E0 6A0B 6B08 2700 6A0B 6B12 2700 6 1 


1 1756 6C09 
>0 1626 18A4 
19 183A 7401 
>A 6C03 ECA1 
d 17B2 6C06 
18 ECA1 17CA 
10 3490 1678 
i4 E080 E020 
14 EE4A 


4EA8 A8A8 00A8 
A6FA D235 00EE 


6B00 270C 6A20 6B00 2\ 
26EC 2766 6D00 7D01 6( 
ECA1 1726 6C03 ECA1 T 
6C05 ECA1 173E 6C06 E< 
174E 6C08 
ECA1 1600 
26EC 26F4 
6C02 ECA1 
17AA 6C05 
ECA1 17C2 
6C0F ECA1 
8EEA AAE4 
26F4 26EC 
EE48 4C48 
D235 00EE 
A6FF DAB1 7j 
7B01 3B1C 1 
2830 1818 01 

630B 2830 
6315 2830 
63i5 2830 
D235 7208 
3600 177E 
6211 6301 
1824 6227 
1824 621C 
1824 6211 
1824 6227 
D235 7208 
D235 720B 

6E0A 6710 7708 
180C 3760 1804 
181C 166A 6810 
7A01 6100 F129 
D235 7209 610D 


ECA1 171C 6C02 
6C04 ECA1 1736 
1746 6C07 ECA1 
ECA1 175E 6C0F 


6400 61 


F 6329 


.C 6301 
1818 6211 630B 
1818 6227 630B 
1818 621C 6315 
1818 7A0B A6BC 
A6CE D235 00EE 


6C01 ECA1 1790 
17A2 6C04 ECA1 
17BA 6C07 
6C09 ECA1 17D2 
18BE E8A8 E888 
E00U 620F 6329 
4E8E 8A8E 8AEA 
00FF 6100 F129 
A0A0- 40A0 A010 
00EE A6FF DAB1 
00FF 6211 6301 
2830 1818 6227 
2830 1818 621C 
2830 1818 6211 
2830 1818 6227 
D235 7208 A6C1 


II 289C II 


l 00FF 


6301 289C 1824 
630B 289C 1824 
6315 289C 1824 
6315 289C 1824 
26EC 7208 A6DB 
A6E5 D235 00EE 


6870 

621C 6301 289C 
6211 630B 289C 
6227 630B 289C 


D235 


A882 D235 7206 
7208 A88C D235 
D235 F00A 1600 
AAEA D8D8 A888 
EAAE A8CC A8AE 
D235 00EE 27DA 
620F 6329 26F4 
2800 620F 6329 
28D8 277A 27DA 
«A8EB D235 00EE 


F700 FE15 FE18 
00EE 6810 F815 
F815 F607 3600 
D235 00EE 6200 
26EE 7206 A87D 
610E 26EE 7206 
720A A89i D235 
00FF E98D CD8B 
88EA AAEA 8A8E 
A0A0 4040 5000 
2800 620F 6329 
28D8 277A 271)A 
26F4 2766 620F 
183A 720D A8E6 
8A8A AADA DA97 



MEMORY DISPLAY UTILITY 


L. Chubb, Kingsford NSW 

I wrote this program because i was tired of debugging 
programs that didn't work, looking for errors byte by 
byte. It also makes finding typing mistakes a lot easier. 

It's useful for those people who like to develop their 
own programs as it sits high in memory, out of the way 
of other programs (location 0F00) until it is needed. 

To use this utility replace the first instruction of your 
program with 1F00, then run it. 

It will display eight instructions at a time with the 
address next to each one, up to 512 bytes above the 
base address. The program initially displays memory 
locations from 0600 to 07FF. 

Key F will display eight instructions from the base 
address (at first the base address is 0600). Key D will 
display the next eight instructions on from the ones 
currently displayed. Key 5 will display the previous 
eight instructions. Key C will allow the base address to 
be changed. To do this press key C, the screen will go 
blank, then press a key between 0 and F. That will then 
be the new base address. 

If you press any other key the screen will go blank; 
press any correct key to bring back the display. 


Y DISPLAY UTILITY 

6E10 1F0A F50A 
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BLACK JACK 

W.F. Kreykes, St Albans Vic. 

Bill Kreykes has come up with an absolutely amazing 
program here that really shows what CHIP 8 is 
capable of if you’re prepared to work at it. Even if 
you’re not a card player, this one’s a ripper. 

Traditional Black Jack is played with four decks, 
though casinos generally now play with six decks (but 
you can't fit that on the ’660, yet). This program plays 
traditional Black Jack with four decks. The ’660 is 
always the banker with an opening balance of $1500. 
Players A and B (George and Bill in this program) start 
with $750. 

Whenever a decreasing line appears above a 
player’s name the banker is looking for a reply. When 
asked to place bets, enter the amount you desire — 
maximum $45, minimum $2. When asking for a yes/ 
for a reply. Once the line has disappeared.yourturn is 
no answer, only press any key from 0 to 9 for a YES 
reply, no response is required for a NO reply. 


The banker is very impatient and will not wait all day 
terminated, except when placing bets which are 
above or below minimum or maximum. 

A simple check can be maintained on the program 
with regards to any sceptical participant who may 
doubt the payment of winnings. Every time the bank 
balance is displayed the three amounts shown should 
add up to $3000. 

The game is automatically re-started if the bank’s 
balance falls below $200 or a player tries to bet money 
he has not got (no room for an IOU). 

The bank shuffles the four decks of cards at the start 
of each game and then signals another shuffle to take 
place at the 186th card. However, the cards will not be 
shuffled until the next round is about to start. The bank 
can be forced to shuffle the deck before this time by 
each player hot placing a bet at the start of the round. 

House Rules 

• The bank cannot sit on less than 17; players — no 


• Insurance is offered if the bank's first card is an ace. 
The maximum amount of insurance is half of your bet. 
If the bank does get Black Jack, he/she will play 
quadruple. 

• Players’ cards equal to bank — bets returned. 

• Players' cards less than bank — bets lose. 

• Players’ cards greater than bank — bank pays. 

• Bank plays Black Jack three times. 

• Bank plays 5 under 22 double. 

• Splits on any pair, but can only be done on first hand. 

• Doubles on 9, 10 or 11 then only one more card 
dealt. 

• Bank's first card an ace: if Black Jack, insurance 
pays four times; if not Black Jack, insurance loses. 

Bill Kreykes suggests the following changes may be 
made to slow this program down and sound evens (ie. 
return your bet). Change OCDE to ID84, enter 2B42 
6F10 FF18 1D04. To allow more time to place your 
bets, change the data at 079C to 400A or 400B or 
400C. You can then use keys O to C to place bets and 
to answer yes. 


0600 290a 6d17 aeeO 2860 
0610 6d1d 6c18 29f8 ad9b 
0620 6d23 ae74 dcd7 7c0c 
0630 dcd7 7cce ae31 3c06 
0640 dcd5 6c24 dcd5 6001 
0650 6000 6107 6205 2928 
0660 62fe 8214 3f01 1d6a 
0670 80b0 aflO 28ce af22 
0680 3600 168e 6c02 277e 
0690 277e 2880 2920 275a 
06AO 2b58 682a 6703 2b58 
06B0 2b42 6818 2778 285c 
06C0 6705 2b66 285c 6901 
06D0 28f2 6c02 2870 6c0e 
06E0 6601 2b42 2d26 2764 
06F0 2d26 6705 2b42 285c 
0700 f065 400b 1c42 170c 
0710 3f00 1708 276a 2cca 
0720 2b42 285c 2774 28dc 
0730 29ce 2738 OOFF 165a 
0740 f065 4000 18f2 2a42 
0750 29f6 aed8 6d0c dcd8 
0760 6d1d 6601 6c2b 6703 
0770 6600 0.0ee 6d06 6o06 
0780 6410 3600 6435 6515 
0790 <3451 6302 60ff 7001 
07AO 1796 73ff ae67 f318 
07B0 443d OOee 3300 1794 
07CO 17a2 3300 17d6 8e00 
07D0 71 ff 17ca 80e0 28ca 
07E0 17dc 17a4 6600 6702 
07P0 6d17 277e 77fe 28c0 
0800 9010 180e 7101 9010 
0810 8e30 7702 28c0 8305 
0820 2a0c 28c8 2844 17e8 
0830 3708 17ee aecO 183a 
0840 1750 2834 adcb 6c0b 
0850 80e0 19ce 28ba 19e2 
0860 6c00 19f6 285c 7cfe 
0870 28c0 4000 OOee 2b42 
0880 28c0 4000 18e0 6e2d 
0890 29ce 275a 2844 2a0c 
08A.0 71 ff 8105 3f01 18e0 
08B0 28b6 28c8 167c adcl 
08CO af22 f71e f065 OOee 
08E0 OOee afl6 f033 af17 
08E0 28c0 28d2 af2c f155 
08F0 OOee aflc 6000 6100 
0900 ff55 OOee aefe ff65 
0910 3f00 191a 292c 297a 
0920 3600 195a 292c 298c 


6c21 aeef 29f6 ae4d 
6c18 6d24 29f8 6c00 
dcd7 7c1d dcd7 7c0c 
1624 ae44 6c00 6d2b 
6105 6200 6300 296c 
295e 2864 3000 1668 
2a0c 2864 I66e 6901 
28f4 276e 275a 6d1d 
2880 2920 2b42 2760 
6700 6a00 6801 6921 
aflO f065 90b0 1c6e 
2b5e 400b 27e4 2b42 
2b6e 276e 2d26 6801 
680d 2870 682a 2d26 
2870 6c37 6836 2870 
2b66 2774 2a96 aflc 
2b42 2aea 6110 81e5 
2cca 2760 2cca 2cca 
40bb 1d32 40aa 1c6a 
6a00 6818 aflc fale 
173c ada5 6c12 6d0d 
OOee ae4d 29ee 1a04 
OOee 6c02 6d1d 6700 
6901 6705 OOee ab44 
d451 74f8 d451 74f8 
eOal 17ba 4009 17a4 
d451 7401 4418 OOee 
17a8 f518 73ff 4900 
29cc 4100 17d4 7e0a 
29ce 6f50 7fff 3f00 
2834 6c1A 3600 6c39 
6100 4000 180e 70ff 
ISOe 00ff 17fe 8300 
3f00 1828 29cc 2842 
28e2 2920 7703 6601 
ade4 6c0d 6d0d 29f8 
6d0d 29f8 add5 29f6 
2968 1d06 6d00 aea7 
ae3a 29f6 af28 1932 
2a8c 7701 7c0c OOee 
81e0 8105 3f00 189c 
2844 18b2 6e02 81e0 
29ce 275a 28b6 2a0c 
1846 af19 f333 OOee 
6000 af22 f71e f055 
fl65 OOee afOe 18c2 
af32 f155 af38 f155 
f155 f155 18ee aefe 
OOee 601c a66c 18ce 
1928 2962 297a 195e 
af2e f355 af2e 6c09 


0930 6d2b f565 4000 
0940 f229 2946 f329 
0950 3200 1940 3300 
0960 f355 af34 6c2d 
0970 OOee af28 298a 
0980 28ba af19 f065 
0990 8355 3fOO 1854 
09A0 19c2 4000 19ac 
09B0 730a 72ff 19ac 
09C0 OOff af17 f433 
09D0 4000 19de f029 
09E0 OOee 7c02 f129 
09F0 6d0d 29fa 29fa 
0A00 ff18 6505 <3cd5 
0A10 6210 f215 f207 
0A20 3100 1a10 OOee 
0A30 7b01 6110 8015 
0A40 f055 2a48 7a01 
0A50 <389b 7903 6109 
0A60 <3895 7805 8e04 
0A70 ae7f 400c ae6b 
0A80 7e01 d895 7e0a 
0A90 6d24 2a48 6900 
OAAO 2a26 4el6 7ef6 
OAEO aflc f165 4563 
OACO 9010 1b9e 4e09 
OADO 84cO 2bda 8c40 
OAEO 277e 3302 lada 
OAEO 6e00 6500 aflc 
OBOO 4000 1b2c 610b 
OBI0 7e0a 6115 81e5 
0B20 1b26 2b2c 1c06 
0B30 1b62 a.el6 19ee 
0B40 1ac4 6f25 ff15 
0B50 aflc f065 2a48 
0B60 2b42 afOe 18cc 
0B70 28dc 1a48 2d3e 

0B80 4901 1b88 2bd8 
0B90 ae49 dcd5 2b62 
OBAO 274a 277e 3300 
OBBO 2b4e 7804 7c0d 
OBCO 28e2 2920 2b4e 
OEDO 88c0 7c01 6563 
OBEO 2838 277e 3300 
OBFO 28c0 8004 28ca 
OCOO 28fe 2838 1c20 
0C10 28e0 2968 2904 
0C20 2738 2904 6064 
0C30 2850 6000 2b62 
0C40 19f6 28fe 4e15 
0C50 6702 6c1A 2cae 


194c f029 2946 f129 2946 
dcd5 7c05 OOee 3100 193c 
1944 OOee 2962 298c af34 
1930 af28 2978 af28 f355 
196c f565 29a2 8410 8354 
8404 19c2 f565 29a2 8410 
4400 1d56 74ff 7364 28ba 
710a 70ff 19a2 4200 19b6 
4400 OOee 750a 74ff 19b6 
af18 f365 OOee 28c0 28d2 
dcd5 7c04 29e4 19e8 4100 
dcd5 7cfe OOee ae8e 6c0b 
29fa 29fa c51f f500 6f01 
7c08 f51e OOee 6302 6107 
f200 f318 3200 1a14 71ff 
4bba 290a af3a fble f065 
3f00 1a34 7010 aflc fale 
OOee f818 4921 1a52 ae2f 
8105 3f01 1a68 7803 f029 
1a88 7802 400a ae89 400e 
400d ae7a 300b 1a82 ae6f 
7806 79fd OOee 28dc 6921 
6818 6a00 6e00 2a3c OOff 
4e15 1b8e 4901 1b2c 2b2c 
1ac4 4701 1a.c4 4704 1ac4 
Ibde 4e0a Ibde 4e0b Ibde 
6d24 lade 2aea 4064 1738 
2738 Ibda 2850 2a26 6400 
4405 1b80 f065 400b 7501 
8105 3f01 IblO 8e04 1bl2 
3f01 Ible 7401 1af6 3500 
7ef6 75ff 1bl2 2850 80e0 
2838 2904 1ad0 274a 2904 
ff07 3f00 1b46 OOee 6921 
1b62 28c0 4000 OOee 2a26 
6800 6909 1b70 6900 6818 
ad8c lyf6 2d3e aeb6 19f8 
2904 60aa ae84 1b92 60bb 
2a0c 1d44 ae84 1d3a 28fe 
1b3c 2904 2850 7cff 88c0 
6d1d 29cc 28c0 7701 28ca 
274a 2904 2738 2b42 7cff 
1a8c 28fe adfd 183a 28fe 
1b36 2904 6d1d 29cc 28e4 
29ce 2920 2904 2aea 2b42 
4901 1c28 2bd8 2b32 2a0c 
2850 6d1d 29cc 28c8 2b32 
OOee 28fe 2c36 2a0c 2904 
aea7 6c08 6d0f 29f6 ae20 
2b7a 3e15 2b74 2a0c 6600 
6601 6705 6c39 2cae 4e15 
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WORD 60 

Another game for two players (George and Bill, still) 
from Bill Kreykes. The computer throws up groups of 
letters randomly and each player has to write down 
(on a notepad) as many words as possible within 
60 seconds, at which time the letters disappear from 
the screen. 

After the letters disappear, the players compare 
lists. Matched words are cancelled out. You score 
points for the words left. Any words spelled incorrectly 
or that contain a letter that was not displayed have 
points deducted. Plurals are acceptable, e.g: dog, 
dogs. 

Scoring 

Three letters .1 point 


The words ENTER SCORES will appear on the 
screen which is a prompt to record each player s 
score, be it plus or minus. The player on the left enters 
his/her score first. 

To enter scores, press A for add, D for deduct, 
followed by the number of points. Do this for each 
player (remember, left player first). 

At this stage a high-pitched tone will be heard. 
During the time the tone is on, if an error has been 
made in entering the score, you can correct it by 
pressing E and re-entering the correct score (wipe out 
the old ones first). 

When the scores have been entered the game will 
automatically restart, showing the updated scores. A 


Four letters .2 points 

Five letters .4 points 


Six letters . 

Seven letters ... 

10 points 






06 OO 

06 IO 

o620 

0910 

6000 

26E6 

6001 

630A 

6A00 










0630 

7DOB 

DCD1 

0060 

2 b 7 a 

3e15 

2b74 

2904 

170c 

ae84 

1d34 

29ec 

o640 

2710 

3500 

0070 

adb4 

fc65 

afOe 

fc55 

fc55 

6 bOO 

c71f 

6 ae 6 

0650 

4006 

164E 

0C80 

8a74 

3 f 00 

1 c 7 c 

28dc 

617e 

8105 

3 f 01 

1 c 7 c 

066 O 

A97A 

FD1E 

0090 

fbOO 

ff18 

af 3 a 

fble 

f055 

7 b 01 

7010 

2b62 

o670 

26E2 

276E 

OCAO 

3bc6 

1 c 7 c 

6016 

290c 

29ec 

6 b 00 

166e 

28e0 

068 O 

FE15 

FE07 

OCBO 

6d17 

29 d 0 

3e15 

1968 

OOff 

28e0 

2910 

28c0 

o690 

3600 

167A 

OCCO 

8004 

8004 

28e2 

2910 

1972 

28e0 

af 13 

f065 

06 AO 

6000 

279E 

OCDO 

8100 

28c0 

4000 

187 a 

28dc 

28fe 

9010 

1d04 

06 BO 

27CE 

6E0E 

OCEO 

41bb 

1858 

8105 

3 f 00 

1 d 50 

2 d 1 a 

2b42 

40aa 

06 CO 

FE18 

3000 

OCFO 

1 cfa 

30bb 

Icfe 

2972 

2910 

2972 

2910 

2972 

06 DO 

6 FFF 

FF15 

ODOO 

2910 

2 d 1 a 

2910 

2904 

6d24 

40bb 

1d38 

40aa 

06 EO 

6000 

6200 

0D10 

1 b 9 a 

29ce 

2904 

29cc 

187 a 

6 dOe 

285 e 

7c fe 

06 FO 

7201 

7301 

OD20 

29f8 

7c02 

1 d 2 a 

6 c 00 

6d03 

aeeO 

3600 

aeef 

07 OO 

DCD7 

7006 

0D30 

19f6 

ae49 

dcd5 

1732 

ae49 

dcd5 

1 dl 4 

aecO 

o 710 

DCD5 

F31E 

0D40 

6 c 00 

19f0 

6e15 

30 bb 

1c24 

3901 

1738 

OOee 

o 720 

86 AO 

27 BA 

0D50 

2968 

2b42 

1d06 

6c09 

3600 

6 c 2 d 

ae 20 

29f8 

o730 

601C 

A981 

0D60 

2 a 0 c 

2 a 0 c 

2 a 0 c 

OOeO 

1600 

6 d 0 a 

285e 

adcl 

o740 

2748 

F129 

0D70 

29f8 

7c02 

ae44 

dcd5 

7c08 

6102 

6200 

6300 

o750 

OOEE 

6004 

0D80 

293c 

1 d60 

00 ff 

OOff 

OOff 

OOff 

8 e 8 a 

8 a 8 a 

0760 

6300 

2920 

0D90 

eeee 

a 8 ae 

a 2 ee 

ee 88 

ce82 

eeae 

aaee 

aaaa 

QUO 

6000 

6D00 

ODAO 

96d5 

b595 

96 ee 

8 aee 

28e8 

8b89 

8989 

e 9 b 8 

0780 

7012 

7301 

ODBO 

2038 

0838 

020 c 

0709 

0eQ3 

060b 

040d 

0805 

o790 

1774 

6100 

ODCO 

0a89 

d9a9 

8989 

2434 

2c24 

248b 

daab 

8 a 8 a 

o 7 A 0 

F70A 

4 70A 

ODDO 

a294 

8894 

a23d 

151 d 

15bd 

dc08 

8808 

c87c 

o7B0 

1748 

6001 

ODEO 

507c 

147c 

1 cl 2 

1212 

1cf4 

9494 

94f7 

be92 

O 700 

OOEE 

7501 

ODFO 

9e92 

be 8 e 

888 c 

88 ee 

e080 

e 020 

e0e7 

9496 

o7D0 

FOOA 

6100 

0E00 

94e7 

74 54 

7454 

570e 

0808 

080e 

efa9 


o7E0 

8614 

8960 

0 E 1 0 

a970 

4848 

4870 

aeaa 

ea4a 

4ea0 

aOa .0 

aOeO 

o7FO 

40 fO 

451B 

0E20 

f555 

7555 

fill 

4272 

1272 

7645 

654 5 

767f 

08 OO 

81 96 


0E30 

5d7f 

7f7f 

Iflf 

Iflf 

5d7f 

f755 

7755 

f540 

°n''n 

4D89 

9167 

0E40 

4040 

4074 

7c50 

7c14 

7cf3 

5171 

55f7 

5476 



81 42 

0E50 

54f7 

7724 

2721 

270 e 

OaOe 

0808 

8 e 88 

8 c 88 




0E60 

eeee 

a 8 ee 

a 2 ae 

e080 

c080 

e 038 

1010 

5070 

0840 


0682 

0E70 

5070 

5050 

fOfO 

fOfO 

fOfO 

f 090 

90b0 

f848 

0850 

F884 

8488 

0E80 

5060 

5048 

feOO 

4410 

4 4b8 

a 8 a 8 

a 8 b 8 

97d4 

0860 

8080 


0E90 

b694 

9744 

4454 

546c 

3925 

2525 

39dd 

1 191 

0870 


8080 

OEAO 

11 dd 

2040 

8040 

20f7 

5577 

55f5 

4a6a 




1.010 

OEBO 

4a40 

8000 

8040 

eeaa 

ee 8 a 



424e 

0890 

8488 


OECO 

a5b5 

ada4 

a5d5 

1 5d5 

55dd 

ee 2 a 

ee4a 

2a97 

08 A 0 

8478 

8484 

OEDO 

d4b4 

9497 

7040 

6040 

7088 0830 

2020 

0020 

08 B 0 

8484 

FC84 

OEEO 

ee 88 

8 ca 8 

eeef 

a 9 af 

aae9 

7744 

4654 

7779 

o 8 co 

8080 

8478 

OEFO 

2939 

2979 

2121 

2121 

3900 

0000 

OOcO 


o 8 do 

8494 

80 7E 









o 8 eo 

3F3F 

3F20 



VO 

to VF 




-- 

08 F 0 

2427 

7848 


card 

s 


— 

work area 

— 

o 900 

32DD 

51D9 


top cards 

— bets 

— bank bal. 

— 

o 910 

F839 

AF96 

OF30 

george bal 

bill bal. 

xxxxxxxxxxxxxx 

0920 

A981 

F255 


XXXX 

Storage of 4 decks 

of cards XXXXX 

0930 

FA07 

BEFO 










o940 

F80C 

7 COO 










o950 

ADED 

9F5D 










0960 

74BD 

A1AD 










o970 

E 4 A 4 

E4A4 










o980 




-660 SOFTWARE 

player with a negative score will not have the score 
displayed until he or she again reaches or passes 

The first player to attain a score over 99 is declared 
the winner of the round. 

The data from 0957 to 0979 contains the names 
George and Bill. This can be changed to suit individual 
needs. However, the data underlined must remain 
similar to what is shown or be replaced by zeros. This 


area is used to display 
deducted. 


620B 630A 26E6 
26E6 6006 6307 
6BOO 00 EO A6D1 
7008 3040 1620 
16D0 2752 26FA 
4007 164E A7EE 
F055 7D01 7006 
6D1A 6F01 6630 
4605 2756 3E00 
PC18 276E 26PA 
601C 27CE 8890 
60AA F015 POO7 
16B8 8A84 8B94 
FF07 FFOO FF18 
6300 6100 2920 
330B 16E6 OOEE 
1)CD7 OOEE A8E8 
7008 3038 1710 
6008 2732 86B0 
F633 F265 4002 
2748 F229 DCD5 
1758 6005 6103 
7201 7301 3304 
A97A F31E F065 
4307 OOEE 3304 
3C00 7104 6215 
17B2 370D 17A0 
2792 A8E3 1748 
6064 8064 3F00 
4000 17DE 710A 
370D 1732 8995 
70AB 66BB 122F 
5578 451B 89B3 
9B4D 894D 8282 
2418 1824 4281 
C2C2 A292 8A86 
C6AA 9282 8282 
F088 8484 F884 
80FC 8080 80FO 
8080 FE02 0408 
1010 1010 F884 
COAO 9088 8478 
8484 8484 8478 
8484 8484 8484 
8480 8078 O 4 O 4 
0808 0808 0888 
20F8 2020 E98D 
7850 4877 4474 
905D 0000 C040 
BFEF F82C 5F62 
0928 OOEE F809 
FA07 5E1E FOFA 
BDF8 80 F4 AF9D 
63E2 D4F7 84-B6 
25BD COOP 8000 
E488 8888 88EE 


scores to be added or 


6005 6307 26E6 
26E6 6 OO 4 6308 
6000 6D16 DCD2 
A957 6D24 2700 
6000 6DOO COO7 
FC1E FOIE F065 
3D07 164E 6007 
2730 FF18 6E2E 
1682 2730 76FF 
26E0 2708 276E 
6022 279E 6039 
FEOO EEA1 16A0 
FCOO FC18 1626 
3F35 16D4 1622 
7101 3108 16E8 
6018 6D19 A8D0 
6D1A 6000 6305 
OOEE 6500 6D2B 
27BA 6C2A 1732 
OOEE F029 3000 
3D24 7001 7004 
275E 6104 6200 
1762 OOEE 6300 
A818 FOIE DCD9 
1774 6DOB 6008 
6301 1762 6D2B 
6000 2792 A90B 
6C9C 8064 3F01 
75FF OOEE 6D24 
70FF 17D4 F60A 
8965 1732 38AB 
1223 A32B 665E 
6791 4D9B 9167 
8282 FE10 1010 
F088 8484 8484 
8682 8282 8282 
8282 C66C 3810 
8484 F880 8080 
8080 80FC 8080 
1020 4080 FE10 
8484 F8A0 9088 
8480 8080 8E84 
8484 84PC 8484 
8478 8480 8080 
8478 8484 8484 
9060 3F3F 3F3F 
CB89 E977 2426 
1477 334A 4B4A 
0000 00F8 0000 
2FF8 205F 62D4 
BEF8 81AE EE72 
1FFE FEFE FE5E 
7000 BD8F 2EF4 
94F7 7754 5755 
■CQQ1 QQQQ QQfll 
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PRINT ROUTINE 


Tim Parish, Myrtle Bank S.A. 


This subroutine provides an easy way of coding a 
number of multi-line messages for printing on the 
screen during execution of a CHIP 8 program on the 
'660. It features: • 13 characters per line • long 
messages flow onto new lines as required • equal 
spacing between characters of different width (making 
more natural-looking words). 

The memory requirement in any program calling the 
subroutine is just seven bytes per message plus one 
byte per character — that's pretty economical. 

The routine occupies the last 1 /3K of a 3K machine, 
equivalent in memory requirement to about 58 char¬ 
acters, and is most useful in message oriented games 
(such as Guessing Game, reproduced here). 


The subroutine leaves all registers unchanged, 
except VO and VI. Here's an example of how to use 
the subroutine: 


Call: (prints HELLO) 

0720 A831 points to start of message 

0722 A720 points to above instruction 

0724 2EA8 call PRINT 


0506 length of message/ H' 


0834 0809 


There are two approaches to using PRINT with 
various programs: (1) record it separately and load it 
into RAM before or after the main program is loaded 
— saves space on tape; (2) treat the program and 
subroutines as one program — convenient. 

GUESSING GAME 

This is a simple game demonstrating use of the PRINT 
subroutine. The program itself explains the game, 
which is left with hexadecimal output for variation. 

If your '660 is not called Little Zen' (which becomes 
clear when you run the program), you might like to 
change the first message! Don't forget to load the 
PRINT subroutine. 


PRINT ROUTINE 

0e90 —— 

DeaO -f 165 ae9e f955 aeca 

OebO f155 aeba 6401 B145 f155 a- f065 8800 

OecO OOeO 6600 6200 6700 6900 a- f21e 7901 

OedO 7201 390e ledc 6700 7607 6901 f065 8300 

OeeO 8034 8034 8034 8034 aflO fOle d765 601f 

OefO 8035 3f00 1f02 6024 8035 3f00 IfOO 7701 

OfOO 7701 7704 9280 If0a leca aa9e f965 OOee 

OflO eOaO eOaO aOeO aOcO aOeO e080 8080 eOeO 

0f20 aOaO aOcO eo80 c080 eOeO 80c0 8080 aOaO 

0f30 eOaO a040 4040 4040 8080 8080 eOeO aOaO 

Of40 aOeO eOaO eOBD BOeO 80e0 20e0 e040 4040 

0f50 40a0 aOaO aOeO e020 eOOO 8080 8080 0080 

0f60 0000 8000 8000 0000 0000 2040 4040 2040 

0f70 2020 2040 4040 0000 OOaO aOOO 0000 0000 

0f80 0000 80e0 20e0 80e0 e020 e020 eOaO aOeO 

0f90 2020 e080 e020 eDeO BOeO aOeO e020 2020 

OfaO 20e0 aOaO aOeO eOaO e020 20e0 2040 80e0 

OfbO fOBO 8090 f070 2020 aOeO 90a0 eOaO 9090 

OfcO dDbO 9090 f090 fOaO 9050 a8a8 a888 f090 

OfdO 90b0 f888 8888 5020 8888 a8a8 5088 5020 

OfeO 5088 8850 2D2D 2050 fB50 f850 a870 f870 

OffO a800 OOeO 0000 . 

Note : memory used by subroutine is denoted by 1 -- 1 

CODE FOR CHARACTERS : 

A - 00 L - 08 Id - 28 

B - 01 M - 25 X -' 29 

C - 02 N - 23 Y - 2a 

D - 03 0-09 Z - If 

E - 04 P - Oa 2-17 

F - 05 Q - 26 3-18 

G - 20 R - 24 4-19 

H - 06 S - Ob 5 - la 

1-07 T - Oc 6 - 1b 

0-21 U - Od 7 - 1c 

K - 22 V _ 27 8 - Id 


9 - 1e * - 2c 
7 - Oe - - 2d 
I - Of 
: - 10 
blank - 11 
( - 12 
) - 13 
' - 14 
" - 15 
. - 16 
# - 2b 


GUESSING GAME 

0600 a6c4 a600 2eaB 26a6 6200 c6ff a6ee a60c 
0610 2ea8 26a6 a724 a614 2ea8 26a6 a754 a61c 
0620 2ea8 26b2 8430 8444 8444 8444 8444 6a1f 
0630 6b07 f329 dab5 6d0f fd15 fd07 3d00 163a 
0640 26b2 f329 7a04 dab5 26a6 8030 8044 7201 
0650 9060 165e 8760 8705 4f00 1696 169e a79c 
0660 a65e 2ea8 641f 680e f229 d485 26a6 a7bf 
0670 a66e 2ea8 600f fOOa 400f 1676 4001 160a 
0680 3000 168e a809 a684 2ea8 26a6 0000 a7ff 
0690 a68e 2ea8 1674 a76B a696 2ea8 161a a783 
06a0 a69e 2e=,8 161a 6d60 fd15 fd07 3d00 16aa 
06b0 OOee 6c0f 63ff 7301 83c2 e39e 16b6 OOee 
06c0 OOff 0028 0604 0808 0911 1011 1111 1111 
06d0 1108 070c 0c08 0411 1f04 2311 1111 ObOa 
06e0 0400 2207 2320 1611 1111 1111 0034 0711 
06f0 0600 2704 HOa 0702 2204 0300 1124 0023 
0700 0309 2511 0604 2911 230d 2501 0424 1105 
0710 D924 1111 112a 090d 110c 0911 200d 040b 
0720 Oblo 002e 0607 230c 1110 110c 0604 1111 
0730 1123 0d25 0104 2411 070b 1101 042d 0c28 
0740 0404 2311 If04 2409 1111 1100 2303 1105 
0750 0516 0014 0423 0c04 2411 2a09 0d24 1111 
0760 1120 0d04 ObOb 1110 0017 0c09 0911 0607 
0770 2006 11Zd 1111 110c 242a 1100 2000 0723 
0780 16ff 170c 0909 1108 0928 112d 1111 1111 
0790 Oc24 2a11 0020 0007 2316 0021 0c06 000c 
07a0 140b 1107 Ocll Ofll 1123 0d25 0104 2411 
07b0 0905 1111 1111 Oc24 0704 Obll lOff 3f03 
07c0 0911 2a09 Odll 2800 230c 1111 0c09 110c 
07d0 242a 1100 2303 1111 1120 0d04 ObOb 1100 
07e0 2309 0c06 0424 230d 2501 0424 110e 1111 
07f0 1111 112a 040b 1007 1111 2309 1009 0907 
0800 1109 2411 0911 OfOf 0920 0909 0301 2a04 
0810 110f - 
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660 SOFTWARE 


HERE are a couple of useful utilities and a new 
game. We now have such a stack of software 
— this column being the most popular computer 
column in ETI — that we’ll have to run a ‘potpourri’ 
again very soon! 

For those who have enquired, or thinking of enquiring, 
we haven't forgotten about the spare I/O port or 
expansion projects. Be patient, we re gathering our 
resources and working on it. 

In the meantime, keep those programs, hints, tips, 
and modifications coming; there are plenty of '660 
owners out there who want to be kept busy. 

The first program this month is an editing utility. 
Correcting wrongly entered instructions is OK, but if 
you have ever missed a few early on in a big program, 
then you'll know what frustration means! Now you can 
insert' those missing bytes. 


BLOCK MOVE 

Tzu-Pei Chen, Mulgrave Vic. 

Have you ever entered a 500 byte program only to 
discover that you had left out one byte right up the 
front? Block Move' allows you to salvage this situation 
by letting you insert that missing line of code without 
retyping the rest of the program. What the program 
does is move chunks of memory around. For instance; 
say you wanted to enter this program; 


0600 16 B6 3D 7D 16 55 00 00 
But you entered this; 

0600 16 B6 16 55 00 00 
You would proceed thus; 

0700 06 06 ; 606 is the byte after the chunk of 
memory to be moved. 

0702 06 02 ; 602 is the beginning of the chunk of 
memory to be moved. 

0704 07 30 ; 730 is somewhere convenient to put it 
for the meantime. 

Then you type RESET 0 0706 RESET 6 (execute 
machine code at 706). The 660's memory will now 
look like this; 

0600 16 B6 16 55 00 00 

0730 16 55 00 00 
Then you enter; 

0700 07 34 ; 734 is the byte after the chunk of 
memory to be moved back. 

• 0702 07 30 ; 730 is the start of the chunk of memory 
to be moved back. 

0704 06 04 ; 604 is where to replace the code 
leaving two bytes for the missing code. 

Then you again type RESET 0 0706 RESET 6. The 
660's memory should now be; 

0600 16B6 1655 1655 0000 

Then you just enter the missing code and there it is, 
0600 16 B6 3D 7D 16 55 0000 

This was a silly example but imagine if it had been 
500 bytes long ... 

NOTE: 

If you use Block Move to move memory up, i.e: 


NEWPOS (eeff) > START (ccdd) 
then you must make sure that 

NEWPOS (eeff) >= FINISH (aabb) 
otherwise Block Move will not work correctly. 

TANK BATTLE 

J.R. Hyde, Christchurch NZ 

This game has been adapted from a game originally 
written for the Cosmac VIP. You are a tank commander' 
and the object is to annihilate targets. It s a variation 
on a familiar theme, but this one has a few twists and 
it's not as easy as it appears. 

A target will appear at random on the screen and 
may disappear at times. By maneuvering your tank, 
you try to shoot the target and score a hit using the fire 
button (key F — what else!). Your score (00 to start 
with) is shown on the left of the screen and the number 
of shots left is shown on the right. For each hit you 
score 10 points. Each time the target hits you, how¬ 
ever, five shots are deducted from those remaining! 
To manouver the tank, use the keys as follows: 

Key 1 UP 
4 LEFT 
6 RIGHT 
9 DOWN 
F FIRE 

By changing the data at 07b8 to 4428 and 07cc to 
442F, the tank can be made to move and fire in the 
bottom part of the screen if required. • 


BLOCK MOVE 

> 0700 

700 0000 

702 0000 

704 0000 

706 F8 07 

708 B5 

709 B7 
70A F8 00 
70C A5 
70D F8 01 
70F A 7 

710 F8 07 

712 B8 

713 F8 02 

715 A8 

716 48 

717 B9 

718 48 

719 A9 


NAM BLKMVE 
ORG 700 
FINISH RMB 2 
START RMB 2 
NEWPOS RMB 2 
MOVE LDI 07 
PHI R5 
PHI R7 
LDI 00 
PLO R5 
LDI 01 
PLO R7 
LDI 07 
PHI R8 
LDI 02 
PLO R8 
LDA R8 
PHI R9 
LDA R8 
PLO R9 
LDA R8 
PHI R6 
LDA R8 
PLO R6 
LOOP LDA R9 
STR R6 
INC R6 
GLO R9 
SEX R7 
SD 


*aabb End of block. 
*ccdd Start of block, 
♦eeff Where block is f 
be placed. 


71A 48 

71 B B6 
71C 48 
71 D A6 

71E 49 
71? 56 
720 16 

721 89 

722 E7 

723 F5 

724 CA 071E 

727 99 

728 E5 

729 F5 

72A CA 071 E 
72D CO 0000 
> 072F 

-> BLKMVE LISTING 2 
700 aa bb cc dd ee ff F8 07 

708 B5 B7 F8 00 A5 F8 01 A7 

710 F8 07 B8 F8 02 A8 48 B9 

718 48 A9 48 B6 48 A6 49 56 

720 16 89 E7 F5 CA 07 IE 99 

728 E5 F5 CA 07 IE CO 00 00 


LBNZ LOOP 
LBR MONITOR 
END 


TANK BATTLE 


0600 


1630 

76 f 8 6020 

8065 

4f00 

6600 

1784 

OOff 


- 

DATA 

FILES 






0630 

- 

6 e 00 

6 da 0 

6 a 01 

6906 

6804 

6709 

6619 

6410 

0640 

- 

630c 

6200 

6106 

a 6 l 2 

fa55 

27d4 

6040 

f 015 

0650 

- 

f007 

3000 

1650 

27d4 

270 a 

2762 

a 6 l 2 

f565 

0660 

- 

26 ae 

26 c 6 

26 ec 

3f01 

2714 

3 f 01 

26 ec 

3f01 

0670 

- 

26 ec 

3f01 

267c 

4f01 

1766 

1662 

a6l2 

f565 

0680 

- 

4600 

3500 

1688 

178o 

e7al 

6209 

e8al 

6204 

0690 

• 

e9al 

6206 

eaal 

6201 

4200 

OOee 

26 ae 

8120 

06a0 

- 

279a 

27ac 

6c01 

6200 

6f00 

a6l2 

f555 

a7ff 

06b0 

- 

4101 

6000 

4104 

6013 

4106 

600d 

4109 

6006 

06c0 

- 

fOle 

4347 

OOee 

600f 

e 09 e 

OOee 

450f 

OOee 

06 d 0 

- 

650f 

76ff 

a6l2 

f555 

7403 

7303 

279a 

279a 

06e0 

- 

279a 

a623 

f555 

a8l9 

d341 

OOee 

a623 

f565 

06f0 

- 

4500 

OOee 

a8l9 

d341 

279a 

6c02 

278e 

4888 

0700 

- 

170a 

d341 

a623 

f555 

OOee 

65 OO 

6000 

a6l7 

0710 

- 

f055 

1704 

a6ld 

f565 

350f 

1744 

a 8 la 

8345 

0720 

- 

3200 

1732 

cl03 

a6l9 

file 

f065 

8100 

c20f 

0730 

- 

7201 

279a 

a8la 

60 O 3 

72ff 

6f00 

d345 

a6ld 

0740 

- 

f555 

OOee 

o407 

a8lf 

f41e 

f065 

8300 

a827 

0750 

- 

f41e 

f 065 

8400 

a8la 

d345 

6020 

f0l8 

650f 

0760 

- 

173e 

6500 

173e 

4c01 

1602 

4c02 

1782 

a623 

0770 

- 

f565 

4500 

1602 

a8l9 

d341 

6f00 

8341 

3f01 

0780 

- 

1602 

7e0a 

6040 

f0l8 

00 eO 

164a 

00 eO 

2784 

0790 

- 

6060 

f0l8 

1794 

6e00 

1784 

4101 

74ff 

4104 

07a0 

- 

73ff 

4106 

7301 

4109 

7401 

OOee 

4400 

7401 

0780 

- 

4300 

7301 

4338 

73ff 

4418 

74ff 

OOee 

6800 

07c0 

- 

4400 

17ce 

4300 

17ce 

433f 

17ce 

441 f 

6888 

07d0 

- 

6f00 

OOee 

6308 

6408 

a629 

fe33 

f265 

27ec 

07e0 

- 

6328 

a629 

f633 

f 265 

27f2 

OOee 

f029 

8345 

07f0 

- 

7306 

fl29 

d345 

7306 

f229 

8345 

OOee 

0110 

0800 

- 

547o 

6c7c 

7c44 

7c7c 

6c7o 

5410 

OOfc 

786e 

0810 

- 

78fc 

003f 

le76 

le3f 

0080 

a870 

f870 

aS08 

0820 


1828 

3830 

2010 

0000 

0000 

0818 

1818 

1804 
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TV MESSAGE MAKER / INVENTORY 


W.F. Kreykes, St Albans Vic. 


I initially designed this program in black and white but 
now I’ve learnt more about colour and programming 
techniques such as Machine Code Sub-Routines 
(MCSRs). 

The program writes messages on a TV or monitor 
and has four separate memories in which you can 
record a full screen of writing and call it up at any time 
with a two-key code. With the options I have listed it is 
possible to print a page over a page that is already on 
display, for special effects. 

As well as writing four pages, there is also a stack in 
which you can record messages. The messages can 
be put in the stack one after another and, after reset¬ 
ting the stack to the start again, they can be displayed 
by pressing key B. The first message will be displayed 
and, if key B is pressed again, the first message will be 
cleared and the second message in the stack will be 
displayed. And so on. 

If you want to display a message for the second 
time, or a message further up in the stack, type in 'CD' 
followed by its address, which you have to note when 
recording. 

The vowels, being most commonly used, have been 
assigned 11,22,33,44,55, i.e: A, E, I, O, U. There are 
several MCSRs starting at 0862 and all of them end in 
D4. Before calling some of these I have used the Chip 
8 Axxx instruction to set register A of the 1802 to the 
required address. This method is slower but saves 
memory and so may not be suitable for those who 
have expanded the memory as the most significant 
high four bits of register A could be any value (which is 
not important in the previous case). 

Other MCSRs manipulate the monitor's Chip 8 vari¬ 
able stack (0470-047F) so they communicate be¬ 
tween each other. 

The use of machine code was necessary to make 
the program as short as possible and colour the whole 
screen or line in a shorter time than the Chip 8 equiva¬ 
lent would do. 

The MCSR shown in ETI April 1982 had to be 
modified so that the memory data pointed to by the 
SEXed register was replaced, after the OUT3 was 
performed, to its original value. 

To prevent writing over page boundaries (not a 
page as 00-FF) I had to place a maximum of letters/ 
codes per page/display. I settled on a figure of 119, 
which will still leave room for the BB if you want to 
record what is on display. This should be sufficient and 
any attempt to go over this limit will prove fruitless; no 
harm can be done to the recorded pages. 

You'll know when this limit has been reached as a 
strange shape will be displayed after only the first key 
press, and a letter requires two. If this limit is reached 
you either have to record what’s on the display, erase 
the last entry/line or clear the screen before you dis¬ 
play any more messages. 

The display can still be recorded even though this 
sign has come up. The strange shape will not be 
recorded as a BB is placed over it automatically. 

Any invalid command will be greeted with a long 

Once you've got the program up and running, re¬ 
cord from 0600 to 0970. If you are planning to de¬ 
monstrate it, record all your messages and check 
them to see that they are what you wanted. Before 
recording press COO, then after reloading into the 
computer it will not be possible to accidentally record a 
message. Don’t forget the colouring. Then record on 
another tape from 0600 to 0FFF. When you want to 
demonstrate your program you reload the computer, 
all your messages are set, and you can recall them as 
required. 


Seven lines will be displayed with an average of 14 
letters, subject to a maximum of 119 letters/codes per 
page/display, counting each code in tables A and B as 

The code recorded in memory for cursor forward 
(key F) is recorded as one code for each time this key 
is held down, even though the cursor moves forward 
more than one space. The cursor can move to a 
maximum of 16 spaces before the key will have to be 
released but will stop short at the start of the next line. 

Four separate pages can be called up at any time. 
The screen will be cleared first before a page is 
displayed. 

There can be an average of 60 lines in the inventory. 
More lines are possible if only parts of a line are used; 

i.e: the message 

BY 

W.F. KREYKES 
1983 

on three lines will only take up 24 codes + BB = 25 
codes; that's 17 less than the average of 14 per line, 
but didn't include any colouring. 

Options: Less than a page or one extra full page. 


A8 clear screen, leave cursor in present 
position ** 

A9 change back/foreground colour ** 

AA show? 

AB white screen 

AC black 

AD green 

AE red 

AF blue 

D move cursor down one line 

F move cursor forward until key is released, 

subject to a maximum of 16 advances and/or 
the start of the next line. 

A0 and A7 colour the whole line that the cursor is 
currently on 

AC and AF set background colour 

** Not activated when clearing stack or screen. 

Table ‘C’ — Commands/instructions not recorded. 

B show next message in stack (inventory), 

clear previous one 

Cl -4 display selected page, clear whole screen 
first 


Data at No page 1 page 2 pages 3 pages 5 pages 2xV4 and 1 full 


0662 and Of 
078A 
078C 
Start of 
inventory 


6f00 6f01 6f02 6f03 

6009 600a 600a 600b 

61e8 6160 61dB 6150 


6f05 6t03 at 0930 

600c 600a aa24 

6140 61 d8 at 0932 


09E8 


0AD8 


0C40 0AD8 aa60 


For 2 x ’/2 pages, with a full 58 codes per Vt page 
(1&2), there is no provision to prevent recording over 
page three, so be careful. 

To display a page over a page, change 0690 to OOff. 
If you want to clear the screen before displaying 
another page use code A8 at the start of the page that 
requires the screen to be cleared first. This feature 
creates special effects when used carefully. 

If you only want to recolour the bottom three lines 
using A9, change 175c at 0758 to 1760; this leaves the 
top four lines in their original colour. 

After recording into the stack, the address showing 
where the next message will be recorded will have to 
be removed by pressing any key. This will then return 
the cursor to the start of the display. 

Attempting to display a message in memory that 
has not been recorded will bring up rubbish; you may 
have to restart the program. 

To change the screen colour to something other 
than white, change the value of V0 at 075A to 60aX; X 
is the colours' code 0-7. To have different colour com¬ 
binations when using A9, experiment with the value 
added or deducted from V0 at 0757, or replace it with 
OOff. 

Table ‘B’ — These codes are recorded as for Table 

'A'. 

94 used to signal inventory to reset to the start 

(endless loop) 

A0 black 

A1 red 

A2 blue 

A3 violet 

A4 green 

A5 yellow 

A6 p. blue 

A7 white 


CC clear screen immediately, reset cursor to 

start of display 

CD go to address specified by next three key 
presses, and display message 
COO enforce safety lock which prevents 
recording 

C01 -4 record display into selected page 

CF reset stack/inventory to start immediately, 

clear previous 
E erase last entry 

EE erase last line 

Note; 

1. Record all your messages into the stack at once. To 
record into the stack after the first few messages have 
been recorded and the stack has been reset, simply 
bring up each message and when the message 
comes up that is previous to the one you want to 
record over, clear the screen (CC) and then you can 
record your message. Remember that recording into a 
page resets the stack to the start again, so be careful. 

2. Don’t forget to colour the lines and background as 
these will not change colour until instructed. 

3. Code A8 should be used with care. 

4. Don't record into the stack if the address shown 
after a recording isoverFFF, e.g:014. In this case you 
will have to see if the whole of the previous message 
recorded has been able to fit in.. 

5. You can display a page and then record it into the 
stack but you cannot display the stack to record into a 
page. 

6. The first message recorded into the stack will be 
recorded at BC8. After each recording an address will 
be shown at the top of the screen; this is the address 
that the next message will be recorded at. If you note 
these as with a tape recorder you'll be able to recall 
them with the CD command later. 
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660 SOFTWARE 


TV MESSAGE MAKER/INVENTORY 


TABLE 'A' 


0600 

086e 

6caf 

278a 

275a 

26aO 

6200 

6b00 

83bO 

A 

IT 

0610 

6100 

a8fa 

d 121 

£40a 

4121 

440b 

179e 

440c 

• 

77 

0620 

1670 

440e 

1816 

4377 

18c4 

8444 

8444 

8-444 


0630 

8444 

8040 

44d0 

1640 

44fO 

18c0 

ffOa 

80 f 4 

C 

38 

0640 

2644 

1612 

4100 

8b30 

a404 

f355 

a96e 

f31e 

- 

6d 

0650 

f055 

34 fO 

26ce 

3377 

7301 

OOee 

f60a 

4600 


0660 

1766 

6f04 

8f65 

4f01 

16a6 

6040 

f018 

1612 

E 

22 

0670 

f60a 

460c 

1608 

460d 

183a 

460b 

I6a6 

4600 


26 

0680 

165c 

460f 

2786 

6f04 

8f65 

3f01 

I6£a 

277c 

1 

0690 

26a$ 

aXXX 

f31e 

f065 

40bb 

17a6 

2644 

1692 

G 

73 

06 AO 

OOeO 

6dl6 

OOee 

60bb 

a96e 

f31e 

f055 

360b 

jj 

14 

06B0 

182c 

a96e 

087d 

0862 

26aO 

f029 

ddf 5 

7d06 


06C0 

f 129 

ddf5 

7d06 

f229 

ddf5 

fOOa 

1608 

659f 

I 

33 

06DO 

8505 

3fOO 

1716 

65fO 

8502 

35fO 

I6e8 

2730 

_ 

85 

06E0 

40 fO 

OOee 

70ff 

I6de 

40a9 

1744 

40ab 

175a 


06F0 

40d0 

1856 

40aa 

185c 

40a8 

1744 

65af 

8052 

K 

7c 

0700 

65ac 

8502 

35ac 

17d4 

90c0 

OOee 

08bd 

7c01 

L 

29 

0710 

4cb0 

6cac 

1708 

a8d0 

fOle 

d125 

67 fO 

8702 

M 

96 

0720 

6559 

8575 

3fOO 

172e 

7101 

4790 

7101 

7102 


0730 

7102 

6f3d 

8f 15 

3fOO 

OOee 

7207 

4231 

6200 

N 

80 

0740 

6100 

OOee 

4dee 

OOee 

30a9 

I6a0 

7c01 

4cb0 


44 

0750 

6cac 

08bd 

80 cO 

70 fd 

175c 

60a7 

ac88 

089 f 

U 

0760 

ad68 

089f 

OOee 

606a 

a67d 

f055 

a681 

f055 

P 

50 

0770 

166a 

a92c 

8664 

f6l e 

f 165 

OOee 

2772 

a692 


68 

0780 

6300 

f 155 

173e 

3d16 

2792 

600b 

61 c8 

a400 


0790 

1782 

a402 

fl 65 

a400 

6dee 

27bO 

1 6a2 

3dl6 

R 

8a 

07 AO 

2792 

6daa 

27a c 

6l3f 

622f 

1612 

a400 

fl65 

r 

48 

07B0 

2782 

a470 

088f 

4094 

178a 

40bb 

OOee 

26ce 


07 CO 

17b2 

6100 

83 bO 

9830 

1 60e 

a96e 

f31e 

f065 

T 

32 

07D0 

2654 

17c6 

ac88 

4207 

acb8 

420e 

acf8 

4215 


55 

07E0 

ad28 

421c 

ad 68 

4223 

ad98 

422a 

add8 

08a3 


07F0 

OOee 

4100 

180e 

7001 

d121 

2730 

a8fa 

d 121 

V 

90 

0800 

7f01 

3f3f 

1800 

40ff 

180e 

efal 

17f2 

73ff 

V 

99 

0810 

264c 

a8fa 

1616 

9b30 

1612 

8830 

a404 

f365 

y 

92 

0820 

9830 

17c2 

26ce 

a404 

f365 

1612 

2772 

a400 

* 

0830 

f 155 

a96e 

087d 

278a 

1606 

f90a 

feOa 

8ee4 

Y 

18 

0840 

8ee4 

8ee4 

8ee4 

fOOa 

8e04 

2786 

8090 

81e0 


59 

0850 

a400 

f 155 

17a2 

340e 

173a 

OOee 

a8ca 

d 126 


0860 

172c 

f872 

a78e 

5727 

f 6f6 

f6f6 

3099 

f839 

? 

aa 

0870 

a7e7 

f82c 

5762 

27 f 8 

2057 

62e2 

d4f8 

00a7 


00 

0880 

47be 

07ae 

ee4a 

5ef8 

bbf7 

1e3a 

8530 

98f8 


0890 

00a7 

47be 

07ae 

4e5a 

8e57 

279e 

57e2 

d4f8 

- 

03 

08A0 

c030 

a5f8 

20af 

f870 

a707 

fa07 

bfea 

foae 


Ob 

08B0 

9f5a 

632a 

8e5a 

602f 

8f3a 

aee2 

d4e9 

6ld4 

* 

08 CO 

2644 

17fa 

6094 

f018 

1640 

f090 

3020 

0020 


07 

08D0 

4040 

0000 

OOeO 

0000 

4000 

4000 

0000 

0080 


4c 

08E0 

OOeO 

aOeO 

aOaO 

eOaO 

aOaO 

e040 

4000 

e020 


08F0 

e020 

e080 

e080 

e080 

c080 

8080 

aOeO 

2020 

0 

44 

0900 

2020 

e040 

4040 

4040 

e080 

8080 

e080 

eOaO 

1 

33 

20 

0910 

eOaO 

e020 

eOaO 

aOaO 

e080 

e020 

eOaO 

eOOO 


0920 

eOaO 

e080 

80a0 

aOaO 

aOeO 

2040 

80e0 

a9e8 


2a 

48 

3c 

2d 

3e 

40 

0930 

aa60 

aad8 

ab50 

abc8 

f090 

90 bO 

fOeO 

9090 

p 

0940 

90 e 0 

eOfO 

80 bO 

90 fO 

5070 

50 fO 

90a0 

eOaO 

■i 

0950 

90d0 

b090 

9070 

2020 

aOeO 

f090 

fOaO 

9000 


0960 

8888 

8850 

2050 

88d8 

a888 

88a8 

a850 



Axxx @ 0692 

set by routine at 077C 



Data 

underlined 

altered by instruction C 

.0.0. 




K.UVCl’UiCUloU. 

If you’re really into electronics.... 
you’ll be into the ETI Collection 
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PAKMAN 

W.F.Kreykes, St Alban s Vic. 

This program has been designed to run as fast 
as possible at the expense of memory. 

Due to the restrictions of the colour display of 
the 660, the game is in black and white. 
However, the colour of the background will 
change indicating the level you are currently 
playing at and the number of men that are left. 
Initially the screen will be green (three men), 
then red (two men) and then blue (last man). 


After the last man has been eaten the screen 
goes black and the score flashes indicating the 
end of the game. To restart the game press any 
key, except 'reset' and 'step', and the game will 
start again. 

For those who like to 'roll their own', the 
whole screen is recorded at 0988. Individuals 
can change the maze, but not the homes or the 
score box, provided they keep the dots on the 
same horizontal and vertical lines and there are 
not open spaces i.e: a wall three dots wide all 
over the screen. The walls control the Pakmen; 
they travel in the same direction until they hit a 


wall, but they never double back. 

The extra dot space between the dot and the 
thin walls is necessary so the man cannot eat 
the ends off the walls. A bit of experimenting 
may be required and when this is done the dots 
on the screen must be counted and the data at 
06C1 changed. 

If we take my program as an example, there 
are 328 dots; subtracting 256 leaves 72 which is 
48 in Hex and this is the data at 06C1.346 dots 
= 90 = 5A. 

If you run this on a B&W monitor and the 
colour gives an unclear picture then you can 


0600 0963 0963 A637 
0610 26D2 7901 49F0 
0620 E3A1 6300 E2IT 
0630 330C 267A 2842 
0640 2654 6912 F90U 
0650 1648 1602 A985 
0660 6917 6526 F029 
0670 2674 F329 D955 
0680 8A30 A970 FA IE 
0690 7702 4A03 77FE 
06AO A952 D672 3F01 
06B0 16B8 A6C5 60FF 
06C0 3048 OOEE OOEE 
061)0 16C8 0934 26^T 
06E0 6COO 2764 6400 
06F0 6040 F055 601D 
0700 3BCC 179A 2818 
0710 3321 170A 8DB4 
0720 70FE 70FD 7001 
0730 4210 6302 4208 
0740 263C 3BOO 2916 
0750 FBI 8 3BOO 174E 
0760 4800 16EE 2876 
0770 A615 F055 60A0 
0780 F055 6042 4801 
0790 3608 6636 6726 
07A0 7102 9170 6F00 
07B0 7702 9170 6F00 
07CO 1720 70FE 9060 
07D0 70FD 9060 1724 
07E0 8323 C208 8233 
07F0 3F01 186E BO15 
0300 71FE 4208 70FE 
0810 28F2 3B00 OOEE 
0820 7309 A96B D355 
0830 7602 4A02 77FE 
0840 2848 6400 2848 
0850 OOEE A94E F21E 
0860 4210 71FE 4218 
0870 F41E F255 OOEE 
0880 6227 D123 70FF 
0890 FOOO F218 F215 
08A0 188E OOEE A945 
08B0 28B6 A118 28B6 
08CO 2916 6BOO 6404 
08D0 30ID OOEE A966 
08E0 C208 3200 601A 
08F0 OOFF D015 8540 
0900 3520 18FA 6218 
0910 6E00 6900 6B0A 
0920 OOEE 292A 7BFF 
0930 D345 OOEE 93BD 
0940 FF06 3A3C D420 


6012 F055 6803 6D00 6E00 
28BC 49AO 2638 A94A F365 
6302 E1A1 6305 E0A1 6303 
1612 3BCC OOEE 6B00 1818 
F9TS 7901 4970 1640 E99E 
FE33 A983 FD33 A984 F365 
2674 7901 FI 29 2674 F229 
7905 OOEE A970 FA IE D673 
4A00 7602 4A05 76FE 4A02 
D673 3F00 1828 4BCC OOEE 
183A FF18 7E01 7C01 3CFF 
F055 3BOO 2922 4E64 290E 
6BA0 FBOO FBI 8 7BFD 3B00 
288C 60EE A6C5 F055 6B00 
2904 28CA 6404 1904 A637 
A97C F055 A980 1872 28F2 
6B02 28A4 F300 F318 7303 
28A4 6BOO OOEE 76FE 1722 
4BOO 173C 6305 4218 6303 
6300 93AO 16FE 286E 4BCC 
2654 6B70 FBOO FBI 5 FB07 
A970 FA IE D673 7&FF 0963 
60FO 3803 60B0 4801 6070 
3803 6080 4801 6060 A619 
603E A635 F055 6900 C608 
6AO2 1682 2916 6B01 1708 
71FE 9170 6F00 4210 17B8 
77FE 3F00 17BS 7004 9060 
1722 7602 9060 171C 76FE 
7001 D015 4210 7102 6310 
4210 71FE A94E F21E 'D015 
4210 7102 6308 8233 4210 
A94E F21E D015 3F01 186E 
6BCC 6318 6526 A95A D354- 
OOEE D673 4A00 76FE 4A05 
4A03 7702 D673 OOEE C404 
6404 A97C F41E F265 40ID 
D015 4200 7002 4208 70FE 
7102 D015 4F01 1 7A0 a97C 
2654 287A 8080 A970 6119 
7106 3000 1882 6050 6212 
F207 3200 1896 70F0 3010 
6316 6426 D345 63ID FB29 
D345 7305 OOEE 4B00 18C4 
28CA 6400 A97C F41E F265 
D015 6020 FOOO F018 6110 
A94E F21E D015 186E OOFF 
28C4 8450 F500 F518 7502 
601D 6110 6900 17EA 7D01 
292A 631A F318 A95A D344 
4BOO 1918 6325 6426 FB29 
F888 ADAF 96BF 4D5F 1F9F 
20F8 2020 030A OBOC 3C08 



0950 3COO 0040 0000 7820 7800 OOEF 84EF 0028 

0960 3828 28E9 61D4 2828 3828 0011 OA44 0A11 

0970 E080 EOAO AOEO 20E0 0000 0000 r- 

0980 t-7FFF FFFF FFFF FFFF 

0990 4000 0000 0000 0001 5555 5555 5555 5555 

09A0 4000 0000 0000 0001 57F9 3FE5 D3FE 4FF5 

09B0 4400 0001 COOO 0011 5555 5555 D555 5555 

09CO 4400 0001 COOO 0011 557D 113F FE44 5F55 

09D0 4454 4400 0011 1511 556D 5555 5555 5B55 

09E0 4454 4400 0011 1511 557D 157F FF54 5F55 

09F0 4440 047F FF10 0111 5555 557C 1F55 5555 


OAOO 4440 0404 1010 0111 

0A10 4444 4404 1011 1111 

0A20 4044 447C 1F11 1101 

0A30 4044 0000 0000 1101 

0A40 4004 0000 0000 1001 

0A50 4004 0000 0000 1001 

0A60 47C4 0000 0000 11 FI 

0A70 4044 4000 0001 1101 

0A80 4044 4000 0001 1101 

0A90 4000 0001 COOO 0001 

OAAO 4000 0001 COOO 0001 

OABO 47FF C7FF FFF1 FFF1 

OACO 460C 07FF FFFO 1831 

OADO 460C 07FF FFFO 1831 

OAEO 4000 4000 0001 0001 

OAFO 4000 4000 0001 0001 

Data underlined is altered 
•>-« = y/ork ; 


5551 150C 1854 4555 
5155 557C 1F55 5545 
5555 117F FF44 5555 
7915 5555 5555 544F 
5555 3FFF FFFE 5555 
57D5 5555 5555 55F5 
57D5 13FF FFE4 55F5 
5555 5555 5555 5555 
7911 7FE5 D3FF 444F 
5555 5555 D555 5555 
57FF D7FF FFF5 FFF5 
560F D7FF FFF5 F835 
560D 57FF FFF5 5835 
560D 17FF FFF4 5835 
5555 5555 5555 5555 
7FFF FFFF FFFF FFFF 
by the programe. 
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660 SOFTWARE 


disable it by changing 0963 to D4. 

The object of the game is to reach the highest 
score by moving your man around the maze as 
he eats all the specks, while avoiding the 
Pakmen. He must attack the Pakmen at each 
opportunity when he is supercharged to obtain 
a bonus of points. 

When the game starts the maze comes up on 
the screen and shows your score (0000) and the 
number of men (three). The colour of the 
background is green and there are two homes 
at the bottom of the screen where your man will 
start, moving either left or right. The Pakmen’s 
home is centre top and this is where they start 
and return when eaten. 

You have to move your man around the maze 
as he eats all the specks while keeping out of 
the Pakmen's way. If all the specks are eaten 
before you lose your last man a new set of 
specks will come up. There are 328 specks in 
each maze. 

At each count of 100 specks eaten a sign will 
come up in the score box with the letter A next 
to it. Then your man is supercharged and you 


can attack a Pakman to obtain a 100 point 
bonus, but you must attack head on. You must 
not eat more than nine specks or you will no 
longer be supercharged. There is also a time 
limit and when that expires the sign will 
disappear and you will no longer be super¬ 
charged. 

Each time the Pakmen collide with each other 
one will return home and the sign in the score 
box will be a speck and cross. Once again you 
will be supercharged and you can attack the 
Pakman head on to obtain a bonus of 200 
points. This time you will not be able to eat any 
specks and when the time limit expires the sign 
will disappear and you will no longer be 
supercharged. 

Each time a man is eaten by the Pakmen your 
score will be displayed with the number of 
remaining men. The screen colour will change 
and the game will continue. When you are down 
to your last man, and the screen is blue, the 
Pakmen take one-and-a-half steps to your one; 
the timing periods shorten each time you lose a 


You'll occasionally get a free supercharged 
200 points. The game ends when your last man 
is eaten. The screen will go black and the score 
will flash until you press a key to restart the 
game. 

UP key 3; DOWN key B; LEFT key A; RIGHT 
key C. 

VO, VI Is the position of the Pakman; V2 is the 
direction currently travelling; V4 is the Pakman 
you are dealing with; V6, V7 is the position of the 
man; V8 sets number of men at start of game; 
V9 is for the timing periods to release Pakman 
and cancels supercharge; VA is the direction the 
man is travelling; VB detects bonuses, and if 
supercharged; VC counts number of specks 
eaten; VD, VE is the score; VD = 100s; VE = 
0-9? pount at 100 triggers VD. 

There is no 00E0 in the program because the 
machine code subroutine at 0934 transfers the 
data from 0988 onwards direct to the video 
refresh at 0488 until register F (of the 1802) is 
equal to 0600 (register D = 0B00). w 


SEQUENCER 


Tim Parish, Myrtle Bank SA 


This program remembers a sequence of notes 
and rests, and then plays back the sequence 
repeatedly until you reset. 

Once the program is running, the sequence is 
recorded by simply playing it on the keypad, and 
then pressing F will start the play back. 

The only limitations are: 

1 Maximum number of notes is 796 for a 3K 
machine or 113 for a IK machine. 

2. Maximum length of any note or rest is 
approximately five seconds (longer notes or 
rests will be truncated to five seconds). 

3. Notes need to be separated by an audible 
gap, otherwise errors may result in the recorded 
sequence. 

SEQUENCER 

Addr. Mnemonic 
0600 I = 06aa 

0602 V/E = 05 
0604 V8 = ff 
0606 GSB 064e 
0608 SKFN V0 = ff 
060a GOTO 0606 
060c M(I) = V0 
060e SKFIM V0 = Of 
0610 GOTO 0630 
0612 TIME = V8 
0614 GSB 064e 
0616 SKF V0 = ff 
0618 GOTO 0614 
061a V0 = TIME 
061c MCI) = V0 
061e TIME = VS 


Code Comments 

a6a a sequence will start 

6e05 constant 
68ff constant 

40ff key pressed? 

1606 no 

f055 store pitqh 
400f end of input? 

f8l5 start timing 
-264e 

30ff key released? 
f007 

f055 store note duration 
f815 start timing 


0620 GSB Q64e 
0622 SKFN V0 = ff 
0624 GOTO 0620 
0626 V2 * V0 
0628 V0 = TIME 
062a MCI) = V0 
062c V0 = V2 
062e GOTO 060c 
0630 I *= 06aa 


0632 V0:V2 = MCI) 


0634 SKFN V0 = Of 
0636 GOTO 0630 
0638 PITCH = V0 
063a TIME = \)8 
063c TONE = Ve 
063e V0 = TIME 
0640- SKF V0 = VI 
0642 GOTO 063c 
0644 TIME = V8 
0646 V0 = TIME 
0648 SKF V0 = V2 
064a GOTO 0646 
064c GOTO 0632 
064e V0 = ff 
0650 V0 = V0 + 01 
0652 SKFN V0 = Of 
0654 GOTO 06a4 
0656 SKF KEY = V0 
0658 GOTO 0650 
065a V0 = V0 + V0 
065c V0 = V0 + V0 
065e GOTO ff + V0 
0660 V0 = 80 
0662 GOTO 069e 
0664 VO = 71 



0666 GOTO 069s 


066e GOTO 069e 


GOTO 069e 
VO = 4b 
GOTO 069e 


6 GOTO 069e 169e 


068e GOTO 069e 169e 
0690 VO = 25 6025 
0692 GOTO 069e 169e 
0694 VO = 21 6021 
0696 GOTO 069e 169e 
0698 VO = If 601f 


069c VI 
069e P: 
06a0 Tl 


115 










IAGO FOR TWO Frank Rees, Boort, Vic. 


This program is a translation to CHIP 8 of a popular 
board game program, also known as Reversi' or 
‘Othello’, from an original by Milton Collins of South 
Australia. 

lago is an old game, similar to draughts. You play on 
a board divided into a grid. Each player has buttons or 
pieces. The object is, in placing your pieces on the 
board grid intersections, you bracket one or more of 
your opponent's pieces between two of your pieces in 
a straight line running vertically, horizontally or 
diagonally. Here, the computer not only provides a 
board and pieces, but also shows your scores and 
who goes next. This will run on a 'minimum' '660 — 
8&W, with 1K of memory. 

At the start of the game, each player has two pieces 
placed on the board. Opponent’s pieces are shown to 
the right of the board, scores to the right of them. One 
of the pieces will be flashing, indicating whose turn it is 
— the computer randomly chooses which piece will 
flash at the start of the game. 


To enter a move, you have to look where you want 
to locate your piece. The spots on the board are 
numbered in rows (X) and columns (Y). Commencing 
at the top left hand corner is 0,0 (X,Y). The bottom right 
hand corner is 0,7. You enter the X position first by 
pressing the appropriate number, then the required Y 
position. If the move is valid, your piece will appear 
flashing in the position chosen. Press key F to enter 
your move or another key, except C, to abort the move 
and try again. If you wish to concede a move to your 
opponent, press C. If you make an invalid move, your 
piece flashes once in the illegal location, you get a 
beep and have to try again. 

Strategy and planning ahead are all-important in 
this game, but it is possible to come out with equal 

When entering your move, the computer will signify 
each X and Y value has been entered by sounding a 
beep. The same goes for other keys used, too. If you 
don't get a beep, just hold your finger on the key until 
the beep sounds. 


This program will run as is on machines running 
CHIP 8 dialects 2 and 3. For those running CHIP 8.D1 
and D2 with memory at 0600 to 0800, put a “GOTO'' 
instruction of 1600 at location 0200. For other 
machines, see Dialect Translation' in Hints for CHIP 8 
Programmers, ETI December '82, page 110. 

(NOTE: location 06X0 should read 06B0) 


0 12 3 4 5 6 7 


•o-n 

04 


■fr 02 

D 02 


0603 1602 1604 

0610 26CC 6508 
0620 26CC 8360 
0630 276A 4700 

364 0 2 6AA 68F8 

0650 1646 2702 

0660 A7EC 6C00 
3673 7004 3020 

3680 A7F4 DCD4 
3693 A7EC DCD4 
06A3 2702 72FF 

36X0 2638 6240 

06C3 F029 0565 

36D0 4 Zi 1 6015 

06E0 3610 16DA 

36F3 F218 2702 


2663 2688 6332 
6A63 463C 173C 
6652 3600 1718 
1714 8CA0 8030 
69FC 276A 4908 
26AA 8230 8244 
6000 DCD4 7C04 
1666 6C3C 6010 
DDC4 00EE A7F0 
6015 DCD4 A7F4 
3203 169E 03EE 
6533 6614 A7CC 
7504 F129 D565 
26F6 DC04 6600 
DCD4 6210 2702 
00EZ 3E30 16FE 


6402 26AA CE01 
8652 3600 1718 
172Z 66F8 69FC 
2604 363F 1716 
1652 27A2 2732 
4240 17DE 170C 
3C20 1666 6C00 
A7F0 0CC4 DDD4 
6C27 5038 DC04 
DCD4 00EE F218 
8230 6533 6607 
F233 A 7C D F165 
00EE 6C27 6008 
E6A1 IS EC 7601 
1606 0CD4 6210 
A7F0 00EE A7F4 


3703 

0710 

3720 


3 740 
3750 
3763 
0770 
3780 
3793 
37A3 
3733 
37C0 


37E3 

07F3 


30EZ F215 F037 3000 
8E52 1610 26F6 DA34 
1724 A7EC 5F03 DCD4 
8AA4 8334 8334 8CA3 
26FS DA34 1S2C 6730 
1768 2722 4201 1768 
7731 174C 3733 00EE 
03EE 7304 4833 1782 
00EE 5890 00EE 1772 
8SC3 8652 3500 623F 
00EE 3E30 17AC 8374 
00EE 2SF6 8CA3 8D30 
2SFS DC04 77FF 3700 
0333 3E03 17DA 7301 
269Z 26AA 6210 2702 
2070 2303 7073 7030 


1734 03EE 6501 
6236 269E 1610 
82F3 DCD4 33EE 
8D30 2722 3201 
8CA0 8D30 2738 
27 IE 82E5 4203 
6700 2772 3908 
3808 00EE 68FC 
6203 EC84 8D94 
8600 8652 3600 
8475 33EE 8375 
2788 6234 F21E 
1738 33EE 0000 
03EE 7431 30EE 
26AA 17DE 0323 
2070 2300 5333 


7 £31 
A7FC 
8AA4 
1718 
423F 
1764 
1746 
7904 
65 E3 
623F 
8474 
DCD4 
0 533 
6238 
3003 
5333 


ASTEROID SHOWER Peter Easdown, Kew, NSW 


Here's another program rather like several you see in 
the parlour video games. You have a ship, with a 
cannon that can be moved left and right across the 
bottom of the screen. Up to five asteroids come 
plummetting towards your ship. You score points by 
hitting them with missiles fired from your cannon and 
you stay alive by ducking out of their way as they rush 
past. Eash hit on an asteroid scores you one point. If 
an asteroid crashed into you, the resultant explosion 
fills the screen with ’debris', after which your score 
is displayed and the game ends. Sound effects 
accompany the scenario. The game will run on a 
minimum '660' with B&W video and only 1K of RAM. 


To manipulate your ship and fire the cannon, use 
the following keys: 

MOVE LEFT KEY 4 

MOVE RIGHT KEY 6 

FIRE KEY 5 

The program is structured with a mainline and three 

loops. 

0600-066C MAINLINE 
0676-06A4 FIRING LOOP 
06A6-06C4 END LOOP 
0714-072E EXPLOSION LOOP 


The variables used are as follows: 

0,1 ASTEROID 1 
2,3 ASTEROID 2 
4,5 ASTEROID 3 
6,7 ASTEROID 4 
8,9 ASTEROID 5 
A,B CANON 
C,D MISSILE 
E SCORE 
F MISCELLANEOUS 
Now, go ash them asteroids! 


0600 6E00 6A10 6002 6238 C40A 740A C60F 7618 
0610 632E C10F C30F C50F C70F 6900 A6CE D236 
0620 D456 D676 D896 D016 A6C6 6B20 DAB7 266E 
0630 EFA1 2676 DAB7 6F04 EFA1 7AFF 6F06 EFA1 
0640 7A01 A6CE D236 D456 D676 D896 D016 7102 
0650 7304 7502 7703 7903 CFFF FF00 FB18 00FF 
066B 00FF 00FF 00FF 00FF 4920 1604 161C 4F01 
0670 17.14. 6F05s 00EE 26E8 8CA0 6D20 7DFF A6D4 
0680 DCD2 4F01 168E 26F6 4DFF 16A2 167C 7E01 
0690 2704 A6D6 DCD8 6F10 FF15 FF07 3FOO 169A 


06A0 DCD8 A6D4.16DE 00E0 6C10 6D10 A7FF FE33 
06B0 F265 F029 DCD5 7C04 F129 DCD5 7C04 F229 
06C0 DCDS FFOA 16E4 1038 6C38 386C C600 1876 
06D0 DFED 6E18 1028 1842 2481 8142 4218 DCD2 
06E0 A6C6 00EE 00E0 1600 6F20 FF00 FF18 7FFF 
06F0 4F10 00EE 16EA 6F01 FF15 FF07 3F00 16FA 
0700 DCD2 1712 6F30 FF00 FF18 7FFF 4F20 00EE 
0710 1706 00EE 6200 C12F 7180 F100 F218 C3FF 
0720 C4FF A72E D341 7201 3250 1716 16A6 8000 
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660 SOFTWARE 


PATCHES Bill Kreykes, St Albans, Vic. 


i the following number of points: 


Here are the keys for moving and firing: 


For this game, you will need your ETI-660 with colour 
and full memory complement. The program draws 100 
'patches' on the screen in a series of columns. Beneath 
the field of patches is your ship which runs left and 
right along a coloured line. 

The colour of the patches changes constantly at 
random, except when you fire a missile, at which time 
the pattern freezes’ until your missile hits something. 

Your ship and colour line change colour every two 
to four seconds, depending on how much fuel' is 
wasted. You waste fuel if your ship remains stationary, 
a missile fails to strike a patch when fired, or if you 
strike a patch with a colour not corresponding to the 
colour of your ship. The object is to have your missile 
strike a patch the same colour as your ship. You score 
points according to the colour of the patch struck. The 
patch 'explodes' when you score a valid strike. Points 
are deducted if you hit a patch of a colour different to 
your ship. That patch then goes red. Patches are 


BLACK 000 

RED 100 

BLUE 200 

VIOLET 300 

GREEN 400 

YELLOW 500 

PALE BLUE 600 

WHITE 700 

There are two special patches hidden in the field: one 
bonus’ patch and one dud' patch, each game. They 
are worth 10 times the score of the corresponding 
colour — added to your score for the bonus patch, 
deducted for the dud patch! You never know where 
these special patches are until you hit them! As the 
colour of these special patches changes constantly, 
too, the special points added to or deducted from your 
score can vary between 1000 and 7000. 

Your score is displayed in the centre of the screen 
above the field of patches. You commence with 0000. 
When you hit a bonus patch, the number of bonus 
points is displayed at top left. When you hit a dud 
patch, the points deducted are shown at top right. 


LEFT KEY A 
RIGHT KEY D 
FIRE KEY 6 


For lefthanders, you can change the data at 068C to 
6801 and use Key 1 to fire. 

The program as written gives a black background. 
However, if this is a bit hard on the old eyes (or your TV 
can't handle it) here are details of how to change the 
background colour and patch colour selection: 
LOCATION AFFECTS BLUE GREEN 


0600 background 00FF 0911 

0606 bonus points 6004 6002 

060C score 6003 6005 

0612 minus points 6001 6000 

061A fuel line 6001 6001 

081A wrong hit 6001 6001 

0842 & 0894 bypass black 4002 4002 


The program can be lengthened or shortened by 
increasing or decreasing V8 at 0698. 

The game automatically restarts at the end of each 
game (when you run out of fuel). Sound effects are 
used throughout. 


0600 0913 08D2 6100 6004 26AA 6102 6003 26AA 
0610 6106 6001 26AA 663F 6900 6001 6203 284E 
0620 620F 6007 284E 7202 3217 1624 6C00 6B23 
0630 27BC 6D21 27BC 6B1F 27BC 6D1B 27BC 6D1D 
0640 27BC 6D1F 27BC 6B21 27BC 6D23 27BC C077 
0650 C177 9010 164E ACE8 F155 284-0 6C00 6B06 
0660 A82E 2878 6C00 6D2E 2878 6001 6100 6200 
0670 6300 2728 2732 2746 6700 A91E 6C1C 6E2B 
0680 BCD5 A91E 6303 680A E8A1 28C0 6806 E8A1 
0690 17F2 680D E8A1 28B6 6880 8875 4F00 2830 
06A0 2882 4303 7703 7702 1682 6200 28AE 7201 
06B0 3203 16AC 7101 3108 16AA OOEE 7BFBA916 
06C0 DBD7 6003 F000 F018 7001 3015 16C4 A922 
06D0 EBD8 ACE8 F065 90A0 179E F065 90A0 17B0 
06E0 272E 26FE 2732 A92A BBD6 6007 289C 60BB 
06F0 ACCO FA1E F055 A935 DBD8 7901 1826 2752 
0700 8410 8384 ACCD F333 F065 8404 1720 2752 
0710 8410 8385 3F00 171C 74FF 7364 ACCE F333 
0720 ACCB F433 ACCC F365 ACD8 F355 OOEE ACD8 
0730 F365 6417 6500 4000 176A 3100 1742 7404 
0740 174 6 FI 29 274C F229 274C F329 B455 7404 
0750 OOEE ACD8 F365 4000 1760 710A 70FF 1756 
0760 4200 OOEE 730A 72FF 1760 2760 6264 8235 
0770 ACCB F233 ACCC F365 A930 6415 E453 64IB 
0780 1746 ACC8 F833 F265 6300 6500 2746 274A 
0790 274A 2760 8830 OOEE 272E 270E 1732 6400 
07A0 2782- 60F0 F000 F018 70F8 3020 17A4 16E0 


07B0 6431 2782 2798 F400 F418 16E6 27CE 2892 
07C0 A934 ECE2 7BFF 3B07 17BC 7C08 OOEE 7C03 
07B0 6BP8 8BC2 7CFB 6A00 83B0 4300 17E4 73F8 
07E0 7A01 17BA 7EFF 83D0 4308 OOEE 7A10 73FE 
07F0 17E8 F800 F818 A91C ECE3 7BFE BCD3 3F01 
0800 17F8 DCD3 4E07 1818 27CE ACCO FA1E F065 
0810 8800 9E80 16BC 2798 7715 6001 289C 6F10 
0820 6050 F000 FF18 6B2B A91C DCD3 1698 FFFF 
0830 6090 F000 6306 F318 A933 B631 76FF 6720 
0840 C007 4000 1840 4005 7002 8EOO 6216 6100 
0850 28AE 7201 28AE 72FF 7101 3108 1850 4964 
0860 1866 36FF OOEE 60FF F015 F007 F000 F018 
0870 3000 186A 00E0 1616 ECD2 7008 3C40 1878 
0880 OOEE C070 CA37 8A04 ACCO FAIE F065 40BB 
0890 OOEE COO7 4000 1892 4005 7002 610F 81A2 
08A0 6203 85A0 6410 8545 7201 3F00 18A6 ACF8 
08B0 F255 08E2 OOEE 4C38 OOEE ECE5 7002 18C8 
08C0 4COO OOEE DCD5 7CFE F300 F318 ECB5 63EE 
08D0 OOEE F839 AF96 BFEF F82C 5F62 2FF8 205T 
08E0 62E4 F80C BEF8 F8AE EE72 FA07 BFFO FA07 
08F0 5E1E FOFA 1FFE FEFE FE5E F80C 7C00 BEF8 
0900 80F4 AF9E 7C00 ED8F 2EF4 ADED 9F5B 63E2 
0910 E4E9 61E9 61B4 0000 EE44 2828 1010 1038 
0920 7C10 FEEE 4400 0000 4482 0000 0028 -1028 
0930 0000 F080 6CFE EEAA 00C6 0054 8200 


SELECT-A-GAME Bill Kreykes, St Albans, Vic. 


This program, or better, group of programs, is a 
continuation from Wipeout '660 Style published in ETI, 
October '82, page 95. Although Wipeout '660 Style will 
run on its own, when teamed with the listing given here 
you get a selection of one of three games to play: 
Wipeout 660 Style, Concentration and Block Puzzle. 
All three are translations from CHIP 8.D2. All are in 
colour and you'll need a 660 with colour and full 3K of 
memory. Colour instructions for each are at the start of 
each game so you can change colours if they don't suit 
your taste. Details later. You can also change them to 
monochrome only if you wish. 

Here are the games: 

A) WIPEOUT’660 STYLE 

As per ETI, October '82, page 95. Enter program 
as published, but change data at 0600 (2822) 
to 1B9E. 


B) CONCENTRATION 

Between two players — A and B. Press a key to 
reveal the hidden shape. Press another key and 
match the pairs (eight in all). The computer 
shows whose turn it is and each player's score. 
The game automatically re-starts when finished. 
The winner is the player who attains the highest 
score over 99. 

C) BLOCK PUZZLE 

Another version of the program by the same 
name that appeared on page 92 of the November 
82 issue. The computer shows 16 squares in a 
4x4 array, each numbered 0 to F. The 0 dis¬ 
appears and the computer shuffles the squares 
about. You have to put them back in order, 1 to F, 
in the least number of turns. A short beep sounds 
when the computer has finished shuffling, 


signifying it's your move. Keys to use are: 

UP KEY 3 

DOWN KEY B 

LEFT KEY A 

RIGHT KEY C 


You get a high-pitched beep if you make an invalid 

The game automatically re-starts after all the 
numbers are in the correct positions. 

Game B cannot be run alone as it uses subroutines 
from game A. Likewise, game C uses subroutines 
from game B. 

When first run, the screen shows a game selector'. 
Simply press the appropriate key to choose the game 
you want. 
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660 SOFTWARE 


GOBBLE 

Peter Easdown, Kew NSW 

Gobble 660 Is a game similar to Pacman. The 
basic aim of the game is to avoid the enemy and 
to eat as many of the pills as possible. The maze 
is quite different but is complex enough to make 
a good game. 


Here are a few of its features: 

1. The enemy moves at the same speed as you 
but can catch you easily if you have trouble 
getting around corners, or if it takes short cuts. 

2. There is only one enemy as more would only 
slow the game down; also 3K isn’t enough 
memory for more than one enemy. 

3. The enemy can get stuck if you outsmart 
them; this will allow you to get more points 
without the threat of being caught. 

4. The game has two tunes in it to make it more 
professional. These tunes are appropriate to the 
different stages of play. 

5. The program incorporates the 'five digit 
scoring’ routine at locations 06BO — 0726. This 
routine has previously been published in the 
January 1983 issue of ETI. 

6. It also incorporates part of the Character 
Generator which was published in the March 
1983 issue of ETI. 

7. The speed of the game is quite good 
considering the amount of work done for the 
enemy between moves. 

If you wish to change the values for the keys 
used for directing your gobbler around the 
screen then change the values at: 


0912 — up 
0918 — down 
091E — left 
0924 — right 


This program will not work on any other 
computer as it uses all of the 660’s screen. 

With the program in as listed use the following 
keys: 

Key Direction 

0 up 

1 down 

2 left 

3 right 

The score is shown at the top of the screen 
and the amount of gobblers left is shown below 
the maze. There are 2350 points for every full 

Happy gobbling. 


This routine will save those CHIP 8 hackers who have 
keyed in a program and found that they left out a few 
bytes, then had to enter the new bytes and re-type the 
remaining code. 

It steps through memory between two given addresses 
and shifts each byte back one space. If a whole 
CHIP 8 instruction needs to be inserted, simply run the 
program twice or however many bytes you need free. 
XXX + YY is the starting address. 

XXX + ZZ is the ending address, 
e.g: if XXX = 600 and YY = 8C and ZZ = 30, the 
program will move everything between 0630 and 
068C back one byte. 

Note that this program can only move 255 (FF) 
bytes at a time; if more than this is required, change 


GOBBLE 

600 6101 6B02 1768 2721 BAB5 7104 1761 2721 
610 B1B5 7104 176c 2721 BAB5 7104 1768 2721 
620 D1B5 7104 1770 2721 B1B5 7104 1772 2721 
6}0 BAB5 1748 6000 6101 5011 6126 D011 7001 
640 3O3F 1636 6OO4 6108 Mil 6122 Mil 7001 
650 301E 1646 6021 6108 Mil 6122 Mil 7001 
660 303B 1656 6008. 6112 Mil 61 IE Mil 7001 
670 3012 1666 6015 6112 Mil 6118 0011 7001 
680 3021 1676 6023 6112 Mil 6118 Mil 7001 
690 3037 1686 6006 6116 Mil 6111 Mil 7001 
610 301E 1696 26BO 1774 0000 0000 0002 3201 
6B0 6000 6100 6200 6300 6400 6502 6701 16FE 
600 1618 Ff65 8084 8075 4700 16M 7101 I6c6 
6M 7001 8175 4FOO 16M 7201 16D2 7101 8275 
680 4F00 16E8 7301 1608 7201 8375 4F00 16F4 
6F0 7401 1681 73OA 8475 3F00 16F6 74OA A6A8 
700 F755 1708 1618 1765 6622 F429 0655 7604 
710 F329 0655 7604 F229 D655 7604 F129 0655 
720 7604 P029 0655 0088 1774 FI65 17F4 8200 
730 8310 6480 6580 2762 8020 275C 8020 8004 
740 8152 3100 7001 2758 8030 2760 8030 2751 
750 17F1 F565 17F4 OOEE 8004 8004 8004 8004 
760 8004 8042 F055 008E 7110 F24F F6DF F7EB 
770 F3CF 1070 6021 6116 1748 Mil 6111 Mil 
780 7001 3033 1776 610B 6000 Mil 603E Mil 
790 7101 3111 1788 6111 6000 Mil 6038 Mil 
710 7101 3126 1798 610F 6004 Mil 6031 Mil 
7B0 7101 3117 1718 6111 6004 Mil 6031 Mil 
700 7101 3122 17B8 6113 6008 Mil 6036 Mil 
7M 7101 3117 1708 6111 6008 Mil 6036 Mil 
780 7101 3118 1708 6117 600C Mil 6010 Mil 

7BD 6021 17F8 00E0 0080 0006 7808 0901 6403 

800 Mil 6032 Mil 7101 3111 1788 6002 6100 
810 Mil 6124 Mil 7004 3012 1808 6013 6100 
820 Mil 6124 Mil 7004 302F 1818 6030 6100 
830 Mil 6124 1000 6002 6110 Mil 6120 Mil 
840 7004 3012 1838 6013 6110 Mil 6120 Mil 
850 7004 302F 1848 6030 6110 Mil 6120 Mil 
860 7004 3040 1858 6M2 6114 Mil 6110 Mil 
870 7004 3012 1868 6013 6114 Mil 6110 Mil 
880 6018 6114 Mil 6110 Mil 7004 6114 0*11 
890 6110 Mil 7006 Mil 6114 Mil 7004 Mil 
810 6110 0011 7005 Mil 6114 Mil 7005 Mil 
8BO 6110 Mil 7004 Mil 6114 Mil 7004 Mil 
800 6110 Mil 7004 Mil 6114 Mil 7104 Mil 
8M 70FC Mil 70FO Mil 6002 Mil 7004 Mil 
880 7004 Mil 6358 2D50 6018 6117 6301 2046 
8F0 6601 6717 6904 2D40 4801 2B30 F600 0316 
900 6025 1912 2948 4F01 2986 294E OOFF OOFF 
910 OOFF 6100 8AA1 6304 6101 EAA1 6303 6102 
920 EAA1 6302 6103 Bill 6301 4301 7001 4302 
930 70FF 4303 7101 2B04 4901 77FF 4902 76FF 
940 4903 7701 4904 7601 F000 0318 1B72 3300 
950 I960 4201 1974 4202 1977 4203 1971 1B62 
960 4301 1974 4302 1977 4303 1971 4304 197D 
970 Ml 3 OOEE 6000 6000 60C0 40E0 1010 E040 
980 1010 1080 OOEO 410B 1128 410F 1128 4113 
990 1128 4117 1128 411B 1128 4HF 1128 4123 
910 1128 8800 8860 7802 5880 19B0 9170 1D70 
9BO 78FE 7802 58E0 19BC 9170 1D70 8810 8870 
900 7802 58E0 1901 9060 1B70 78FE 7E02 5880 
9M 19D6 9060 1D70 3025 19F8 6000 1904 1748 
980 1800 0000 78FE 7E02 5880 19F0 91M 0000 
9FO 8810 8830 7802 IB48 2948 4301 70FF 4302 
100 7001 4303 71FF 4304 7101 118E 1126 Ml 2 
110 6119 1EF0 FF55 2704 2600 1EF0 FF65 7DFF 
120 3M0 OOEE 1194 0040 4001 1100 4005 HOC 
130 4009 1A0“ 4OOD 1100 4011 110C 4012 110 c 


XXX, YY and ZZ, then re-run the program to move 
anything you want. 

The routine is located at 0800 and a 1800 instruction 
is placed at 0600 to run it. Later, change 0600 back to 
your original instruction. 

0600 1800 

0800 61 YY 

AXXX 
71 FF 
FI IE 
F065 
F055 
31ZZ 
1802 
0000 


140 4015 110C 4016 HOC 4017 HOC 4011 110“ 
150 4019 HOC 401B HOC 4018 HOC 4021 1100 
160 4022 HOC 4023 HOC 4025 1100 4026 HOC 
170 4027 HOC 4021 HOC 402B HOC 402F 1100 
180 4033 HOC 4037 HOC 403B HOC 1912 2948 
190 8230 1B68 2960 2B02 1938 4601 IMa 4605 
HO 1M1 4609 1M1 4612 1M1 46IE 1M1 4633 
130 1M1 4637 1D01 463B 1M1 470B 1AE1 470F 
ICO 11E1 4713 1181 4717 1181 471B IAEA 471F 
AM 11E1 4723 HEA 4901 i960 4902 1983 4903 
AEO 1980 4904 1983 D673 OOEE 8800 8E60 8E85 
APO 3F01 11F8 6902 1136 6904 1136 IMA OOFF 
BOO 6904 1136 49FF 1B10 2136 1B24 69FF OOEE 
BIO 4501 I960 4502 1983 4503 I960 4504 1983 
B20 3673 OOFF 4304 71FF OOEE 0000 6025 FF01 
B30 2136 4901 7701 4902 7601 4905 77FF 4904 
B40 76FF 2136 8590 1M0 5880 1B50 9020 0000 
B50 1700 2580 0B00 2BC0 2F00 2600 2900 2 C 80 
B60 3F00 4204 1970 1970 6300 OOEE 3900 1938 

B70 1948 4701 1C08 4724 1C0C 4600 10C8 463c 
B80 1CC0 3700 IB94 4601 18F6 46IE 18F6 463B 
B90 18F6 1CCC 37OE 1B16 4601 18F6 4618 18F6 
BAO 463B 18F6 1CC8 3710 1BC4 4601 18F6 4605 
BBO 1876 4612 18F6 4621 18F6 4637 18F6 463B 
BCO 1876 10CC 3712 1BE2 4601 18F6 4605 18F6 
BM 4612 18F6 4621 18F6 4637 18F6 463B 18F6 
BEO 1008 3714 1004 4604 18F6 4605 1876 4609 
BFO 1876 4618 1876 4633 18P6 4637 '876 463B 
COO 1876 10C0 3716 1026 4601 18F6 4605 18F6 
010 4609 1SF6 46IE 18F6 4633 18F6 4637 18F6 
C20 463B 18F6 1008 3718 1048 4601 18F6 4605 
030 18F6 4609 18F6 46IE 1876 4635 18F6 3637 
040 18F6 463B 18F6 1000 3711 1061 4601 18F6 
050 4605 18F6 4609 18F6 46IE 1876 4633 18F6 
C60 4637 18F6 463B 18F6 1008 3710 1088 46OI 
C70 18F6 4605 18F6 4612 18F6 462A 18F6 4637 
080 1876 463B 18F6 100C 371E 1016 4601 18F6 
090 4605 18F6 4612 18F6 4621 18F6 4637 18F6 
010 463B 18F6 1008 3720 1CB8 4601 18F6 46IE 
CBO 18F6 463B 18F6 1000 3722 18F6 46OI 1876 
COO 46IE 18F6 463B 18F6 7701 100E 77F7 8590 
CM 69FF 18F6 462A 10F1 46O6 1CFA 4609 10FA 
CEO 4612 1CFA 46IE 1CFA 4633 1CFA 4637 1CFA 
0F0 4601 1CFA 463B 1CFA 1136 9170 1ABA 1874 

300 Mil 7004 3040 182E 1836 8810 8E70 8E85 

310 3701 1318 6901 1136 6905 1AB6 1600 1324 
320 6903 1Ad6 69F7 4C01 1980 4C02 A983 4C03 
330 1980 4CO4 1983 OOFF OOEE 9332 9326 95C1 
340 3977 1034 4501 11B1 4503 1ABA 4602 1A9A 
350 4504 119A 0000 6101 6400 OOEE 2E54 6E2A 
360 1974 6100 B8E3 7101 9140 OOEE 7807 IB64 
370 OOTF 747F 4400 1380 2D5C 2381 2136 18E8 
380 2136 2361 FPOA OOEO 1600 6871 6E20 2304 
390 6E10 2304 6E10 2BC4 6E10 2304 685F 6E20 
BAO 2BC4 6865 6E10 2M4 6E10 2304 6871 6E10 
BBO 2304 6810 2304 6876 6810 2304 6871 6E20 
BOO 2M4 OOEE 7800 6FO4 FBI 5 0318 FE07 3E00 
BM 1MC FF15 FF07 3700 1334 OOEE 6854 6E0B 
BEO 2M4 6852 6E0B 2M4 6854 6E0B 2M4 6832 
BFO 6825 2304 OOEE 6854 6825 2304 6821 6E0B 
E00 2M4 6E0B 2304 6E0B 2304 6832 6EOB 2304 
810 6E0B 2M4 6E0B 2304 OOEE 683F 6E0B 2BC4 
820 6E0B 2BC4 6E0B 2M4 6854 6E25 2304 OOEE 
E30 6854 6E0B 2304 6E0B 2D04 6E0B 2304 683F 
E40 6E25 2M4 OOEE 2BM 2BM 2BF6 2E1A 2BF6 
E50 2E30 OOEE 1700 FF55 6000 6100 6201 1500 
B60 724E OOFF F055 7101 3131 I860 1700 FF65 
870 6801 OOEE 4621 1M1 1191. 


CURE FOR COLOUR 
PROBLEMS 


If you’ve had problems with colour operation, H. 
Greber of Qld has come up with a simple cure. 
He found that a slight dc level on the colour 
burst line can give trouble with colour operation. 


The solution is to cut the track from pin 12 of 
the 4066, IC21, and insert a lOn capacitor 
across the cut (i.e.: in series with the BURST line 
from pin 25 of IC4, the 1864, and pin 12 of the 
4066, IC21). 


ONE-BYTE SHIFTER M. Samerski, Loftus NSW 
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POLARIS 

Tim Parish 


You have control of a submarine, using the keys 5 
(move left), 7 (move right), 6 (move up) and E (dive). 
Key D is used to fire missiles at planes which fly from 
left to right. (Users with a hex keypad can change the 
instructions at addresses 0720, 0726,072c and 0732 
to select different keys for control.) 

If you stay still, the depth charge dropped from the 
plane will not miss! You must also avoid the torpedo 
which is regularly launched from the left. 

When you are hit by either the torpedo or the depth 
charge, your score is displayed, based on the number 
of planes shot down. 

An added catch — a marker'showing maximum 
depth for the submarine rises steadily with increasing 
score! It stops close to the surface, making things 



Tim Parish 


Just like the original pub game! This program draws a 
squash court on the screen and you play the ball with a 
mind of its own. Your bat is on the left and the ball is 
served from the court area. The object is to keep it 
bouncing around the court. If you miss, it passes off 
screen to the right and you get another ball. The game 
starts off with five balls. The ball commences moving 
rather slowly (and you overshoot with the bat!), but 
each time you hit it, it speeds up, reaching maximum 
speed after 18 hits. 


□SOD 6D0S a619 6100 dOII 6120 dOII 7008 3038 



harder for the high scoring player. 

Pressing key 8 will start a new game. (Would Tim 
Parish please contact the Editor.) 


0620 3040 161c 6300 6101 a7ce 6b20 6c20 dhc2 






0770 3000 77ff d671 4700 1640 d671 87e5 3702 
0780 17c0 a7d1 d675 BOdQ 7003 8065 3701 17b8 
0790 Se06 Be05 6e02 4f00 17b8 a7cc dde2 82d0 

07c0 d671 1640 84e5 a7d1 d345 16b4 SOfO 08fe 


Below and to the left of the court, your score is 
displayed, progressively updated each time you hit 
the ball. At the lower right, the number of balls left 
is displayed. 

Sound effects are included, the pitch of each 
bounce' of the ball rising as the ball speeds up. 

The game ends once you miss the last ball. Press 8 
to start a new game. • 

MOVE BAT UP = KEY 5 
MOVE BAT DOWN = KEY D 
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CHARACTER GENERATOR 
AND VIDEO MESSAGE MAKER 

Frank Rees, 27 King St, Boort Vic. 3537 

Here is a subroutine to generate characters and 
numerals. Two small programs are also presented, 
one allowing you to display the complete character set 
generated, the other allowing you to write messages 
on screen by typing in an appropriate set of 'tokens’ or 
codes for each character required. Combine this with 
your own programs and you've got a powerful 
message generator. 

The first thing you should do is enter the CHARACTER 
GENERATOR ROUTINE FROM 073C. Then, you can 
do one of two things: to examine the complete char¬ 
acter set, enter the DISPLAY CHARACTER SET 
program and run; or enter the VIDEO MESSAGE 
MAKER program and run. 

With the video message maker, a flashing cursor 
will appear at the top left hand corner of the screen. 
Think of a word or simple message to type on screen, 
say ‘ETI’. Look at the character code table and work 
out the codes for each letter. E = OE, T = 1D, I = 12. 
The first figure of the code serves two purposes. Press 
key 0 twice. The first press will cause the cursor to 
disappear, the second time you press it, the computer 
will beep at you signifying you've entered the first half 
of the character code or token. Then press key E and 
the letter E will appear at the top left hand comer of 
the screen. The cursor will then appear at the next 
location on the screen. Then press key 1 twice. At the 
first press the cursor will disappear, at the second 
press the computer will beep and the letter T appear 
on the screen. The cursor will reappear in the next 
location. Then press: 1 — 1—2 and I will appear. 
Voila— ETI! 

When the cursor is on screen, you can move it about 
by pressing C. A single press will shift the cursor along 
one character space. If you hold the key down it will 
move along the spaces from left to right. When it 
reaches the end of a line it will jump to the start of the 
next line. Upon reaching the end of the screen it will 
return to the top left hand corner and start again. Using 
the cursor, you can position your message where you 
like on the screen. 

You can write up to sixteen characters on a line and 
you get four lines on the screen. 

Back-spacing is done with the D key. 

To correct an error, move the cursor over the 
incorrect character and type the token for the correct 
character. To erase a character, move the cursor into 
place and enter the code for the cursor. Move the 
cursor and the character will disappear. 

The characters are generated using the method 
described in "Hints for CHIP 8 programmers, part 1" 
in ETI December 1982, page 110 under the heading 
of 'Captions-to-screen movers'. Sixteen consecutive 
bits of data (two bytes) are moved into view on screen 
in a 3 x 5 matrix, making up the characters. This is 
very economical of memory space as it uses the 
least amount of data storage. Diagram 1 shows the 
general arrangement of the bytes and how the bits are 
positioned on screen in the 3 x 5 matrix. Note that the 
least significant bit (LSB) of byte 2 is not used. The 
most significant bit (MSB) of byte 1 appears in the top 
left hand corner of the matrix. 

To display a character on screen, the data is shifted 
from its location in memory (07C6-7) to locations 
07F4-5-6-7-8. Then, using the AMMM and DXYN 
instructions, this is shifted into position on screen, 
stacking the five bytes down the screen. Diagram 2 
shows how it happens when you enter the code for the 
letter P. 


CHIP 8 CHARACTER GENERATOR 
character code table 
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660 SOFTWARE 


|,|i|i|i|«|.|il, ,|i|8|»|i|»T«T*1 


1 2 3 4 5 6 7 8 9 10 11 12 


13 14 15 X 


EXAMPLE 

VO = 19 (code for P 


= 07 C 6 

data at locations 07C6 and 07C7 
= F7C8 


VIDEO MESSAGE W 


273C do subroutine 073C 


I show N 0 VX,VY 
. skip if VC t key 
i VA = VA + 4 
. skip if VD ^ key 


0620 7AFC VA = V 


162E go to 062E 


skip if V7 f key 
;o to 063C 
>kip if V8 f key 


DABS show N 0 VX,VY 
7A04 VA = VA + 4 
0650 1610 go to 0610 
(character generator to be ei 
from 073C) 

CHARACTER GENERATOR 
073C A7FA I = 07FA 
F555 MI = V0:V5 
0740 630F V3 = OF 

8302 V3 = V3 AND V0 


A794 I = 0794 
4410 skip if V4 


4420 skip if V4 
' A7D4 I = 07D4 


A7F4 I = 07F4 
8200 V2 = V0 
8310 V3 = VI 


2784 do subroutii 


8030 V0 = V3 


A7FA I = 07FA 


0780 A7F4 I = 07F4 


0790 F055 MI = V0 


07B0 F3CF E 


2A22 < 
07E0 88A8 > 


:ter data ends 
5 display bytes 


: 07F4 - 07FF can be anything) 


DISPLAY CHARACTER SET 
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SAVING MEMORY 


David Vernon, Campbell, ACT 


I have received a number of comments from AZUA 
(Australian ZX User's Association) members who 
have bought an unexpanded ZX81 and don't seem to 
be able to fit a workable program into only 1K of RAM. 
However, don't despair, for there are many ways that 
you can fit more into 1K. Look at the following: 

1. Use only single letter variables. Instead of this: 

10 LET SCORE=0 

yse: 

10letS=0 

2. The Sinclair instruction manual suggests using 
REM statements at the start of subroutines and 
throughout the program. This is fine if you own a 16K 
RAM pack. If not, cut out ali REM statements. 

3. Use Sinclair keywords within PRINT statements. 
For example: 

10 PRINT PRESS S TO STOP AND 
R TO RUN AGAIN." 

By using the Sinclair keywords for STOP, AND and 
TO, you save 14 bytes. 

These words are shifted words printed in red on the 
keyboard. This is not all, you can replace the word 
RUhj also with a keyword. This is not as sirpple as it 

To get RUN, you must use the Sinclair keyword for 
THEN and then type RUN (on the R key) straight after 
it. Backspace and delete the THEN. By doing this you 
save a total of 17 bytes ip that one sentence! 

4. Replace the numbers 1 and 0 with the following 
expressions: 0 can be replaced by SGN PI, SiN PI, 
INT RND or TAN PI. NOT PI is the fastest command. 
1 is replaced with SGN PI, and of course 3 can be 
replaced with INT Pi. 

The use of these techniques in your program will 
slow the running tjme down, but will save you 4 bytes 
everytime they are used. 

5. All numbers which are iarger than three or less 
than zero can be placed within strings. For example: 

120 GOSUB VAL "30" 


10 PRINT AT VAL "6", VAL '10 "; "AZUA" 
Believe it or not each time this is used you save 
three bytes. 

6. You can save four bytes each time with regard to 
numbers in the range of 0-255, excluding 67-127. This 
is because each of these numbers is a ZX character or 
keyword. 

The function CODE can be used to return the 
numerical value of the corresponding character. 
For example: 105 GOTO 60 can be replaced by 
105 GOTO CODE "W", Within a program it certainly 
looks weird, but it works. 

7. Don't use the INKEYS function like this: 

50 IF INKEY$="8" THEN LET A=A+1 

60 IF INKEYS="5" THEN LET A=A-1 

if you are using it for moving things around on the 

Use this instead: 

50 LET A=A+(INKEY$= "8")—(INKEY$= "5") 

8 . If you are using PRINT AT a number of times 
together like: 

10 PRINT AT Y,X;"H" 

20PRINTATQ,R;‘V" 

30 PRINT AT A,B; "$" 
use this instead: 

10 PRINT AT Y,X;"H AT Q,R; "V ";AT A,B;'$" 

This method saves lots of memory and typing! 

9. If you give two variables the same value, e g: 

5 LET A=20 

10 (-ET N=20 
use this instead: 

5 LET A=20 
10 LET N=A 

It saves memory and is also faster than the other 

10. Use undefined variables to stop the program. 
So, replace 

60 IF M=0 THEN PRINT "GAME OVER" 

70 IF M=0 THEN STOP 


with: 

60 IF M=0 THEN PRINT "GAME OVER ";X 
vyhere X hasn't been defined previously. 

The program will stop with an error code 2 instead of 
an error code 9. 

11. Don't use the whole screen for your display. The 
program example here, ' Oesophagus", gives a good 
example of this. I used only the first 12 lines of the 
screen. The reason for this is that the djsplay file and 
the RAM for your program are all in the same 1K and 
the more memory you use, the less display you get. 

12. Use scientific notation where possible. 
Instead of: 

10 LET G=VAL "10000" 

10 LET G=VAL " 1E4" 

Use the following subroutine to see how much 
memory you have used up in your program: 

9999 PRINT PEEK 16400+PEEK 16401*256-16587 
use GOTO 9999 to use it. The number of bytes it 
shows doesn't include the routine itself. 

The 16K version is: 

9999 PRINT PEEK 16400+PEEK 16401*256-16587 
and for those who own the ZX80 with 4K ROM the 
routine is: 

9999 PRINT PEEK (16392)+PEEK 
(16393)*256-16461 

and those lucky enough to have a ZX Spectrum can 

9999 PRINT PEEK 23720+256 PEEK 23731 - PEEK 
23653-256*PEEK 23654 
Finally, you can try this program which uses the 
memory saving devices outlines above to make it fit 


OESOPHAGUS 

Use the N and M keys to manoeuver your globule of 
food down an evil oesophagus. You must prevent your 
globule from being absorbed into the sides. If you 
don't like the idea of globules of food, perhaps you can 
change it to a car and call the program "Grand Prix'• 


OESOPHAGUS 

5 LET R=NOT PI 
10 LET A=VAL "12" 

20 LET B=VAL "6" 

30 LET F=A 
40 LJ3T G=VAL "1)3" 

50 LET S=NOT PI 

100 LET X=INT (RND*INT PI)-SGN PI 
110 LET I=INT (RND*INT PI)+VAL "2" 

120 FOR L=SGN PI TO I 
130 LET B=B+X 

135 IF BxVAL "1)3" THEN LET B=B-SGN PI 
140 LET G=G+(INKEY$="M ! ')-(INKEY$="N") 
150 PRINT AT A,B;" graphics T, 
6*graphics space, graphics Y 
AT F,G;" graphics H " 


160 IF G<=B OR G> =B+VAL "7" THEN GOTO VAL "300" 

170 SCROLL 

175 LET S=S+SGN PI 

180 NEXT L 

190 GOTO VAL "100" 

300 PRINT "SLURP" 

310 PRINT "SCORE";S 

320 IF S>R THEN GOTO VAL "400" 

325 GOTO VAL "420" 

400 PRINT "NAME?" 

410 INPUT B$ 

415 LET R=S 

420 PRINT "TOP SCORE";B$;" ";R 
430 PAUSE VAL "200" 

440 CLS 

450 GOTO VAL "10" 
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A 2X81 CLOCK 


The following program was written to overcome a 
severe case of frustration with the way Sinclair 
implemented the PAUSE command on the ZX81. 

One would imagine the implementation of a clock 
would be easy given a counter that decrements at 
50 Hz — nothing could be further from the truth! 

Two main problems manifest when implementation 
is attempted: 

1) Exit from a PAUSE causes the ZX81 to go into 
FAST mode while pointers are updated — this 
causes a momentary loss of synch and an infuriating 
flash on the screen. 

2) While PAUSE is executing nothing else can be 
done, the CPU simply counts frames — and any 
alteration to the length of the program will affect 
the pause count needed to get the time reasonably 
accurate. 

Allied with the above is the inability to easily adjust the 
time-keeping to give long term accuracy and the dif¬ 
ficulty of getting the clock to run at a one second rate. 

The obvious answer to these restrictions is to use 
an assembly language routine to update the clock, 
and this is the solution submitted. 


Program B' is the clock program and can be 
described as follows: 

Line 10 is a 64 byte assembly program with one 
entry point which maintains a six digit 24 hour clock 
(HH:MM:SS). This routine also controls the least 
significant byte of the frames counter that is 
decremented by the ZX81 every TV frame in slow 

On entry to this routine the clock is incremented by 
one second, then corrected for 24 hour operation. 
Before returning to BASIC, it waits for the frames to 
reach its terminal count (205 or 204), signalling the 
expiry of one second. 

Line 20 contains the clock locations updated by the 
assembly routine. Note that lines iO.ahd 20 must be 
together and the first two statements in the program. 

Lines 20 and 30 form a subroutine used to update 
T$ on the variable stack. 

Line 40 is the initial start line, it sets frames low to 
255. Line 50 calls routine (20,30) to update T$. Line 60 
prints the time (T$) near the centre of the screen. 

Lines 70 and 80 correct the long-term accuracy of 
the clock by increasing the 1 s period by 50 ms to slow 


Jack Creasy, Elizabeth Park, SA 

the clock down. The time in line 80 can be altered to 
suit individual ZX81s. 

Line 90 ca|ls the assembly routine to update the 
time. Line 100 is the loop back to line 50 after 
Is expires. 

the program will run in a 1K or larger ZX81. BASIC 
statements can be added without affecting time¬ 
keeping, providing the Ibop time of the program does 
not exceed one second. 

To test programs, POKE 1656 ,201 and the dock 
will run at maximum speed, so revealing loop time. 
Ensure your programs run at least 10% fast when 
testing to ensure that all contingencies are allowed for. 

For those adept at assembly routines, the listing is 
provided. This can be easily altered to provide elapsed 
time to 99 hours, or 12 hour timekeeping if desired. 

The counter maintenance routine is a general 
purpose 8-digit software counter with the overflow and 
reset values for bach digit set in a table. You wili notice 
that the : s in the clock are treated as digits and toggle 
betweenand although T$ only every contains 


METHOD OF LOADING ZX81 CLOCK PROGRAM 

1> TYPE 'NEW' 

2) LOAD PROGRAM (A) 

3) 'RUN' PROGRAM (A) AND ENTER VALUES FOR 
ASSEMBLY LANGUAGE PROGRAM FROM LISTING 

4) TYPE 'CLEAR' 

5) TYPE IN LINES 20 TO 100 OF PROGRAM <B> 

6) 'LIST' PROGRAM AND ENSURE THERE ARE NO 
ERRORS 

7) 'SAVE' ‘CLOCK 1 ONTO CASSETTE 

8) 'EDIT' LINE 20 TO CURRENT TIME 

9) 'RUN' 40 TO START CLOCK 

10) LINES 70 AND 80 ADJUST THE CLOCK'S 

LONG TERM ACCURACY - LINE 80 CAN 

BE ALTERED TO SUIT INDIVIDUAL NEEDS 

PROGRAM (A) 

»***»*» PROGRAM TO ENTER ASSY CODES «**»*»«***»** 

10 REM..;_....TYPE 64 DOTS..... 

20 LET X=16513 

30 FOR Y"1 TO 64 

40 INPUT D 

50 PRINT D; 1 ,•; 

60 POKE <X+Y),D 

70 NEXTY 


PROGRAM <B> 



80 

90 

100 


CLOCK PROGRAM WITH CORRECTION *»*»*»**«** 

REM <-64 BYTE ASSY PROGRAM-> 

LET T*=‘60:00:00‘ 

RETURN 

POKE 16436,255 
GOBUB 20 

PRINT AT 5,10;T*; 

IF T*(4 TO 8>=‘30:00‘ THEN POKE 16571,204 
IF Tt (4 TO 8>=‘33:41‘ THEN POKE 16571,205 
LET A=USR 16530 
GOTO 50 


* DECIMAL VALUES FOR ENTRY BY PROGRAM < 


16520 

16530 

16540 

16550 

16560 

16570 


38,28,34,28,15,14 
38,28,34,28,15,14,38,28,38,28 
6,8,33,211,64,17,130,64,52,26 
19,190,32,6,26,119,43,19,16,244 
42,204,64,69,76,33,224 , 225,9,48 
6,33,28,28,34,204,64,33,52,64 
62,205,190,32,253,54,255,201 


TOTAL 64 BYTES 


**»*»***ASSY LANGUAGE ROUT I NE**«**********»** i *«»» 
NOTE !!! ALL NUMERICS IN DECIMAL FOR THE EASE 
===== OF THE ZX81 USER AND FRUSTRATION OF 

THE HEXAMANI ACS 

.LQC 16514 ;START LOCATION 


_CLOCK DIGIT CONTROL TABLE 


.LOC 16530 


■,SECONDS 0'FL0=A 
(SECONDS RESET=0 
;X10 SEC 0'FL0=6 
(X10 SEC RESET=0 
( 0'FL0=? 
5 RESET=: 
-.MINUTE 0'FL0=A 
-.MINUTE RESET=d 
(X10 MIN O'FL0=6 
(X10 MIN RESET=0 
( 0'FL0=? 
( RESET=s 
(HOURS 0'FL0=A 
(HOURS RESET=0 
(X10 HRS 0'FL0=A 
(X10 HRS RESET=0 
(PROGRAM START 


__COUNTER MAINTENANCE ROUTINE,.. 


LD B,8 
LD HL,16595 
LD DE 16514 
INC (HL) 

LD A(DE) 

INC DE 

JRN7. CHECK 
t-D A<DE) 

LD <HL)A 
DEC HL 
INC DE 
DJNZ BEGIN 


(LOOP COUNT - » OF DIGITS 

(POINTER TO END OF CLOCK 

(POINTER TO DIGIT TABLE 

(INCREMENT DIGIT 

(GET O'FLO CONSTANT 

(POINT TO RESET VALUE 

(HAS IT 0'FLOWED 

(NO - SO EXIT 

(YES - LOAD RESET VALUE 

(RESET DIGIT 

(POINT TO NEXT DIGIT 

(POINT TO NEXT O'FLO 

(LOOP IF MORE DIGITS 


.,24 HR CLOCK CORRECTION ROUTINE... 


LD B,L 69 

LD C,H 76 

LD HL 57824 33,224,225 (LOAD HRS TEST VALUE 

JR NC.ENDl 48,6 (TEST IF HRS=24 

LD HL 7196 33,28,28. (LOAD CODE 00 FOR HRS 

LD (16588) HL 34,204,64 (RESET HRS TO 00 
...FRAMES MONITOR ROUTINE_ 


JRNZ TEST 


..THIS IS LOCATION 16567 

SET IT TO 201 TO RUN 
AT MAX SPEED 
(POINTER TO FRAMES 
(TIMEOUT VALUE FOR FRAMES 
(HAS FRAMES EXPIRED 
(NO - SO GO TEST AGAIN 
(RESET FRAMES VALUE 
(GO BACK TO BASIC -> • 
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IMPROVING THE ZX81 


P.M. Connor, Kuranda Qld. 


Many owners of the ZX81 and similar simple 
computers may have been irritated by some of 
the limitations of the machine — such as lack of 
'feedback' when pressing keys; no sound 
output; a tricky cassette interface; and, greatest 
of all problems, loss of hours of typing when a 
power failure occurs (a common problem in 
some parts of Australia). However, all of these 
problems can be solved quite cheaply. 

Simply glueing a small AM transistor radio 
(about $4 worth) on top of your ZX81 with 
“Bluetack” will give you good audio feedback 
from the keyboard and can provide musical 
sound output if a suitable machine language 
program is used. The radio should be tuned to 
about 1600 kHz (‘top’ end of the dial). 

The cassette interface can be greatly im¬ 
proved by adding a Schmitt trigger and a visible 
level indicator LED, as shown in Figure 1. The 
LED should flash and/or light dimly at the 
correct playback level. 

A greater improvement still can be achieved 
with the circuit shown in Figure 2. This provides 
automatic gain control (AGC) which reduces 
level variation problems arising from variations 
that occur in tape coating density and original 
recording level. Use of the AGC is limited, 
however, by the fact that the ZX81 requires a 
noise-free leader just before the start of the first 
byte of the program on tape, so the gain cannot 
be boosted too much. Hence, a preset pot. has 
been included to allow setting of the maximum 
gain by trial and error to achieve best results. 

The last major problem — loss of data when 
the power faiis — can be solved with a simple 
battery backup, as in Figure 3. This system can 
be used for most computers which use a 
plugback to supply a single, unregulated dc 
voltage. The other great advantage of the 
battery backup is that you achieve a limited 
‘continuous memory’ and a program can be left 
in memory for quite a length of time. The limit is 
the capacity of the NiCad batteries. The AA-size 
NiCads (generally 450-500 mAh) will run a ZX81 
with 16K RAM for over half an hour. This is 
plenty of time to save anything in memory onto 
a battery-operated tape recorder. The circuit is 
trivial. 

The methods I have outlined to improve the 
ZX81 can just as easily be used on many other 
simple computers with 'funny' keyboards and no 
sound output — the MicroAce, for example. 



SIMPSON’S RULE INTEGRATION 

Ralph E. Morgan, Killarney Heights NSW i||| l|t il|o 

lies print 1 '- N input louer bound 


This program calculates the integral of a function en¬ 
tered as a string (via the VAL function) between the 
upper and lower bounds specified, using Simpson s 
method (see a calculus text for details). 

The routine will fail if (a) function causes division by 
zero to occur, (b) function is discontinuous, or (c) 
excessive accuracy is required. 

Input lower bounds. Input upper bound 1.5707963. 
Input error limit 0.0001. Input F(X) = SIN(X). 
Insufficient accuracy with 1024 intervals. Best approx¬ 
imation = 0.98231129. 


1006 input n 

llll INPUT B INPLIT UPPEP SOUND"; 
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TYPOGRAFIX 


Ralph E. Morgan, Killarney Heights NSW 


This program can be used on an unmodified ZX81 or 
ZX80 8K ROM, plus 16K RAM and a ZX printer, print¬ 
ing up to 32 lines of text containing both upper and 
lower case characters. 

When the lines have been entered type RUN' to 
initialise. A string prompt ("") will appear and a max¬ 
imum length of 42 characters may be entered each 


The allowed input characters are: A . .. Z .„1 .. 

0 + - */@.. .ig Dill.. SllHEEH 

The corresponding output characters are: a ... 
„1...90 + -*/A U ..Z. :.;?$ = &<)■□< 
(Note: ^ represents a space. [A] = inverse A, [T 
inverse 1. etc.) 

Hence, the normal output is lower case letters ai 
numbers 0-9 and the inverse symbols are used 
obtain capital letters and other symbols. 

After each string is entered approximately 15 s« 
onds are needed to place the appropriate data frc 
C$ into the array A$. A total of 32 strings must 


entered before printing commences; use a space fol¬ 
lowed by NEWLINE' to quickly fill in' any excess lines. 

Lines 1 -12 are machine code for the hi-res printing 
facility (see ZX printer manual). Lines 13-19 accumu¬ 
late the data string C$. Each letter is stored as five 
consecutive three-digit decimal numbers which are 
interpreted as follows: 



Lines 20-35 calculate x and y coordinates of the 
symbol to be printed. Lines 49 and 50 enter data into 
A$. Lines 80-120 find the appropriate data in C$. 
Lines 9988-9999 print out AS (see ZX printer manual). 


TYPOGRAFIX 

1 jp M pgfK W 163S6 M “S6*PeCK j 


9 POKE 31857,201 

10 POKE 16417,95 

11 POKE r 165|4^7|. ( 

13 LET C*="0620970S90690620000 
02137000000098031073073070067065 
07307705101S00S00812700807106906 
90690570600740730730480970170090 
0S0030S4073073073054006073073041 
L20S40S41200640 

----108408407200000 

81240100020001401461461260001270 

04004120000000125000000000O6412S 


12400400412000005606805-- 

203603602402403603625212e0001240 
08004084000072034084036000004127 
,"0600640641240640 
J6006404S0S40S0068 

--->15616089606006410 

00840760040080080620080030080080 
08008008042028003028042032016008 
,"0000000960960000 


o i.-V 7 i • ■■ 

35034080000008054065065000065065 
18 LET C*=C**-'' 1260090090091261 
27073073073054-062065065065034187 

7, ■ ■, -' F - 0 f e F : - i -■- ■., ‘ - : o f 5 o f - . 2 7 e _ 

3O080010010620650730411221270060 
03006127000065127065000032064064 


19 LET C$=C 


■ '• 1270060200340651 


35 ^SfoD^gm 
91 IF 0=0 THEN GOTO € 


110 IF t 
115~IF F 
120"RETURN 


9988 REM PPINT q P|^ & <= TEp Q 
ISla p8kE^32£55+K+8 *■ — 1 ) ..CODE F 


ENCODER 

This program accepts a text or numerical data string 
and then encodes it using a coding key entered by the 

The key is then erased from RAM and the program 

ENCODER 

20 input n* NTER wTRIN '-' 

II INPUT b ENTER KEV " 



Ralph E. Morgan, Killarney Heights NSW 

ram is later reloaded the data can be retrieved by entry 
ot<GOTO150>and the correct key. Hence improper 
retrieval is rendered impossible. 



THERE’S GOLD 
IN THEM 
THERE HILLS! 



YOU CAN 
DIG IT OUT 


with a little help from 
some electronic detectors 
you can build yourself. 

‘HOW TO BUILD 
GOLD & 
TREASURE 
DETECTORS’ 

is a collection of projects and articles 
from Electronics Today International 
magazine describing how to build a 
variety of metal detectors and the 
techniques of how to use them. 



$3-95 


At all newsagents 
and selected specialist outlets, or 
by mail order direct to ETI Magazine, 
P.O.Box227, Waterloo NSW2017. 
Please add $ 1.00 for post and handling. 
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THE VIC-20 COLUMN 


MULTIPLICATION N.R . Sheehan, Riddells Creek Vic 


There are two problems which continually 
confront people who attempt to use small micros 
for complex scientificor mathematical purposes: 
small memories and limited precision (nine digits 
on the VIC-20). 

This program, although slow, performs multi¬ 
plication with up to 255 digit precision (the 
maximum length of a string variable), while 
minimising memory usage. 

The program comprises an I/O routine (lines 10 


to 220) which passes two string paramaters (A$ 
and B$) to a subroutine (lines 5000 to 5170). 

This subroutine counts and stores the number 
of decimal places in the two numbers, converts 
them to integers and passes them to a second 
subroutine (lines 6000 to 6190). 

The second subroutine carries out a form of 
integer multiplication which results in a reversed 
answer (X$). The answer is changed to the 
correct order (Y$) and passed back to the calling 


subroutine which restores the decimal point (if 
required) and returns the answer to the I/O 
routine. 

Running times and memory usage are demon¬ 
strated in the test results. 

The two subroutines can operate independent 
of the calling routine and could be included in any 
program. 

The subroutines carry out no checking of either 
input format or overflow conditions. 


MULTIPLICATION 


100 XM=19967-FRE(1) : OPEN 3,4 
110 INPUT A*,B* 

120 XT=TI 

130 REM PASS A*, B* TO SUBROUTINE 
140 G0SUB 5000 

150 REM ANSWER RETURNED IN Y* 

160 PRINT#3, CTI-XTV60;" SECONDS ELAPSED" 

170 PRINT#3,A*;" * ";B$ 

180 PRINT43," = ";V$ 

190 PRINT#3,"PROGRAM : ";XM;" BYTES" 

200 PRINT43,"VARIABLES : "i 19967-FRE<l / -XMi" BYTES" 

210 PRINT43:CLOSE 3 
220 END 

5000 PF=0 : DP=0'LA=LEN<A$) 

5010 PF=PF+1 : IF MID*<fl*.PF,l)0\" AND PF<LA THEN 5010 
5020 IF MID*CA*,PF,1><>"." THEN AI*=fl*:GOTO 5060 
5030 I=PF-LAI*=LEFT*<A*,I) 

5040 IF PF=LA THEN LA’LA-LGOTO 5060 
5050 DP=LA-PF:AI*=AI*+RIGHT*<A*,DPJ:LA=LA-1 
5060 PF=0 : LB S LEN C B$) 

5070 PF=PF+1 : IF MID*<B*,PF,1>0\" AND PF<LB THEN 5070 
5080 IF MID»(B#,PF, 1)0"," THEN BI*=B»:G0T0 5120 
5090 I=PF-1 : BIt=LEFTJ(B$,I) 

5100 IF PF=LB THEN LB=LB-1:G0T0 5120 

5110 BI*=BI*+RIGHT»(B*,LB-PF> : DP=DP+LB-PF:LB-LB-1 

5120 G0SUB 6000 

5130 REM INPUT ARGUMENTS = AI*,LA,BI$,LB 
5140 PEM OUTPUT = Y* 

5145 IF DP=0 THEN 5170 
5158 I=LENCY*)-DP 

5160 Y*=LEFT*(Y$.I>+"."+RIGHT$<Y»,DP) 

5170 RETURN 
6000 X$="" : Y$="" 

6010 FOR K=0 TO LB-1 
6020 CA=0 : I=LB-K 
6030 FOR H-0 TO LA-1 
6035 J=LA-H i 

6040 M=VAL<MIDt<BI*,I,l>>*VAL<MID*fAI*,J-l»+CA:CA=0 
6050 IF M>9 THEN CA*INT<MX10) : M=M-CA#10 
6060 TC=H+K+1 

6070 IF LEN<X*XTC THEN X*=X$+RIGHT$CSTRtCM), 1> GOTO €120 


6080 XI»VAL<MID*<X*,TC,1>)+M 

6090 IF XI>9 THEN XC«INT<XIX10>: XI*XI-XC*10: CA-CA+XC 
6100 LE*TC-1 : RI=LEN<X$)-TC 

6110 X$=LEFT*(Xf - LE)+RIGHT*<STR*<XI ), 1)+RIGHT*<X»,RI > 
6120 NEXT H 

6130 IF CR>0 THEN X*=X*+RIGHT$(STR*<CA>,1) 

6140 NEXT K 
6150 I-LENCX*) 

6160 FOR K»0 TO 1-1 

6170 J=I-K:Y»«Y*+MID*<X»,J,1) 

6180 NEXT K 
6190 RETURN 

READY. 


3*3 

* 9 

PROGRAM ■ 1376 BYTES 

VARIABLES : 132 BYTES 

.25 SECONDS ELAPSED 
3 * 33 
= 99 

PROGRAM ■ 1376 BYTES 

VARIABLES : 136 BYTES 

.25 SECONDS ELAPSED 
33 * 3 
= 99 

PROGRAM : 1376 BYTES 

VARIABLES : 136 BYTES 

.45 SECONDS ELAPSED 
33 * 33 
= 1089 

PROGRAM ■ 1376 BYTES 

VARIABLES ■ 170 BYTES 

.61,6666667 SECONDS ELAPSED 
333 * 33 

* 10989 


PROGRAM ■ 1376 BYTES 

VARIABLES ' 174 BYTES 

.783333333 SECONDS ELAPSED 
3333 * 33 
- 109989 

PROGRAM ■ 1376 BYTES 

VARIABLES : 178 BYTES 

.95 SECONDS ELAPSED 
33333 * 33 
= 1099989 

PROGRAM : 1376 BYTES 

VARIABLES ■ 182 BYTES 

1.1 SECONDS ELAPSED 
33 * 33333 
= 1099989 

PROGRAM : 1376 BYTES 

VARIABLES : 182 BYTES 

.966666667 SECONDS ELAPSED 
33.333 * 3.3 
= 109.9989 

PROGRAM : 1376 BYTES 

VARIABLES : 185 BYTES 


126 






MORSE CODE TUTOR 

Neil Duncan, Heathmont Vic. 

There are several ways of bringing your Morse 
up to scratch, but you want to be able to listen 
to code before sending it at any given speed. 

This program allows the VIC-20 to send code 
to you without the noise problems of 'off air’ 
Morse or having to use the skills of another 
person. 


To use the program, type in the text (only 
numerics and alphabet letters are programmed) 
and play it back at the required speed. You may 
type in up to 1000 characters, which should be 
sufficient for a good work-out! The text may be 
replayed as often as required, and at whatever 
speed you wish. 

To enter text, do not use the RETURN button. 
The FI key will terminate the text. The F2 key will 
loop the playback to the start of the text. This 


loop will happen only once. If several loops are 
required, press the F2 key the required number 
of times. 

The sophistication of editing, deletions, etc, 
has not been included. Neither has the facility to 
‘trim’ the weighting of the Morse. The length of 
the listing of such a modified program starts to 
become a problem. 

The underlined code in lines 120, 500 and 
9010 refer to special keys on the VIC-20. 


MORSE CODE TUTOR 

10 DIM A$(36):L1=100 
20 G0SUB 9000 

30 PRINT "TYPE IN TEXT (1)" 

40 PRINT "SELECT SPEED (2)" 

50 PRINT "RUN CW (3)" 

60 PRINT "EXIT (4)"; 

70 INPUT A 

80 IF A>3 THEN END 

90 IF A<1 THEN 30 

100 ON A G0SUB 120,500,700 

110 GOTO 20 

120 PRINT "clear,home TYPE TEXT. NO RETURN 
130 PRINT "FI FOR EXIT" 

140 PRINT "F2 FOR LOOP" 

150 PRINT "OR OUST TYPE..." 

160 P=0 

170 GET A$:IF LEN(A$)<>1 THEN 170 
180 A=ASC(A$) 

190 IF A =32 THEN A$=CHR$(96):A = 96:GOTO 275 

200 IF A<48 THEN G0SUB 300:G0T0 170 

210 IF A<58 THEN A=A-47 :G0T0 275 

220 IF A<65 THEN G0SUB 300:C0T0 170 

230 IF A< 91 THEN A=A-54:C0T0 275 

240 IF A=133 THEN RETURN 

250 IF A=134 THEN GOTO 275 

260 G0SUB 300:GOTO 170 

270 IF P>1000 THEN RETURN 

275 P=P+1:P0KE Ml+ P,A:SYS(830) 

280 B=ASC(A$):IF B>57 THEN B=B-64 

290 POKE SI+21,B:GOTO 170 

300 POKE P9,8:POKE T1,135:P0KE VI,15 

310 FOR 1=1 TO 100:NEXT I 

320 POKE VI,0:P0KE P9,27 

330 RETURN 


760 IF X>40 THEN 810 
770 M$=A$(X):M2=LEN(M$) 

780 Y=X-10:IF X<11 THEN Y=Y+57 

790 POKE Sl+21,Y 

800 GOSUB 1300:GOTO 710 

810 IF X=134 THEN P0KE(M1+P1),0:PI=0 

820 POKE Sl+21,96:G0SUB 1200: GOTO 710 

1000 REM DASH 

1010 POKE T1,225:POKE VI,15 
1020 FOR L=1 TO 3*L1:NEXT L 
1030 POKE VI,0 
1040 RETURN 
1100 REM DOT 

1110 POKE T1,225:POKE VI,15 
1120 FOR L=1 TO LI:NEXT L 
1130 POKE VI,0 
1140 RETURN 
1200 REM SPACE 

1210 L2=L1:IF Ll>80 THEN L2=L2*1.5 

1220 FOR L=1 TO 4*L2:NEXT L 

1230 RFTURN 

1300 FOR 3=1 TO M2 

1310 FOR L = 1 TO L1/3.-NEXT L 

1320 IF MID$(M$,J,1)="-" THEN GOSUB 1000: 

GOTO 1340 
1330 GOSUB 1100 
1340 NEXT 3 

1350 L2=L1:IF LI >80 THEN L2=L2*2 
1360 FOR L=1 TO L2*3:NEXT L 
1370 RETURN 
9000 REM INITIALIZE 


500 PRINT " blear,home SELECT SPEED 1-5"; 

510 INPUT S:IF S<1 OR S>5 THEN GOSUB 300:G0T0 
520 LI=30*(6-S) 

530 RETURN 
700 P1=0 
710 P1=P1+1 

720 IF P1>P THEN RETURN 
730 X =PEEK(Ml + P1) 

740 IF X<1 THEN 710 
750 SYS(830) 


9010 PRINT "clear,home ":SI = 7900:Cl=38620: 

VI=36878:T1=36875:P9=36879 
9020 FOR I = 830 TO 858:READ X:P0KE I,X:NEXT I 
9030 Ml=6500 

9040 FOR 1=1 TO 36.-READ A$(I):NEXT I 
9050 RESTORE:RETURN 

9060 DATA 72,8,162,0,160,1,185,220,30,157 
9070 DATA 220,30,169,0,157,220,150,157,241,150 
9080 DATA 232,200,224,21,208,236,40,104,96 

9090 DATA-,.-... 

9100 DATA -.-. 

9110 DATA .. 

9120 DATA _ 

9130 DATA .. 
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THE VIC-20 COLUMN 


MACHINE-LANGUAGE GRAPHICS 


J. Ennis, East Malvern Vic. 


The recommended way to create high-res graphics on 
the VIC is to bit-map as much of the screen as you 
have memory for. But even with memory expansion 
cartridges, the maximum size is about 160 by 
160 pixels because character memory cannot be 
located in the expansion cartridge. 

The following program does not try to bit-map the 
entire screen, so it avoids this limitation. When plotting 
graphs and the like, only a small portion of the screen 
is actually used. 

To turn on a single pixel, the program PEEKS into 
screen memory at the place the pixel will appear when 
it is plotted. If the character there is a space, it POKEs 
another character in its place and then POKEs into 
character memory to turn on a single dot within that 
character. 

Thus, when a graph is plotted, most of the screen 
is filled with spaces and the remainder with other 
characters. 

Within the program the plotting-of points on the 
screen is achieved by two machine-language routines 
which must be POKEd into memory before running. 
The first of these clear out the character memory 
in RAM, sets the character memory pointer to 5120 


(decimal), clears the screen and sets the 8116 char¬ 
acter size. 

The second routine plots a point whose x and y 
coordinates are stores in locations 0 and 1 respec¬ 
tively. Both routines are relocatable but only work on 
the unexpanded VIC, although they could be modified. 

Type in Program 1 and save it immediately, taking 
special care with the data statements; a mistake there 
may well crash the program later. Erase the first 
program, then type in Program 2 and save it on tape 
immediately after Program 1. 

To use it, load and run Program 1, which POKEs the 
machine language into memory; unless there is a 
mistake, it will then automatically load and run the 
second program on the tape, the one that does the 
plotting. 

When run as above, the second program will plot 
the graph, in Cartesian coordinates, of a function 
defined in line 5. To do this, it will ask for the domain 
of the function of the function, i.e: the range of values 
on the x-axis for which values of the function are to 
be plotted. 

It will then ask for the plotting density, i.e: how close 
together it will plot the points, where 1 gives the highest 


density and 4 the lowest. 

Once plotted, the graph will remain on the screen 
until the user presses the CTRL key and then the 
space bar. 

Both parts of the program should be typed in without 
any spaces between words as this saves using too 
much memory space. 


HEART STOPPER 

Neil Duncan, Heathmont Vic. 

This program catches a few hearts. To play it, simply 
press the two cursor buttons which will move the 
capturing position on the screen. 

The game is over when the score reaches 20. On 
ending, the time taken is printed out. 

The small type in lines 60 and 160 refer to VIC-20 
buttons and should not be typed as text (no commas 
either). 


MACHINE-LANGUAGE GRAPHICS 

10 REM LOADS MACHINE-LANGUAGE 
SO CH=0:F0RI=5892T06119:READA:POKEI,A 
THENPRINT"ERR0R":END 
30 F0RI=5892T06119:POKE1-1000,PEEK(I) 
198,1:END 

40 DATA173,3,144,9,1,141,3,144,169,8, 


: CH=CH+A: NEXT: IF0HO33481 
:NEXT:P0KE631,131:POKE 


50 DATA169,0,133,251,169,30,133,252,169,1 


_2,169,0,133,251,160,0, 

145,251,200,192,0,208,249 

70 DATA230,252,165,252,201,30,208,235,96,169,0,133,251,133,252, 
133,253,133,254,165,0 

80 DATA24,105,248,230,251,176,249,198,251,165,1,24,105,2 
252,176,249 
90 DATA252, 

164,253,185 
100 DATA150 


69,0 


8,252,16 


u,30,20. 
208,9,173,255,29,153, 
33,16,202 
250,133,254,169, 
-,,202,22- - 

56,229 


,105,2 


208,248, 

30,238,255,29 

3,165,254,166 

56,233,8,202 


01,251,133,253, 

133,253,165,1, 

253,24,105, 


4,133,251,1 


0 GRAPHICS”:PRINTSPC(90) 

i'r"DunAiJHA,nr';A,jj 

_>=BTHENPRINTSPC(50)"ERROR":?OKE36876,200:F0RI=OT01500:NEXT 

:P0KE36876,0:G0T010 

30 PRINTSPC(45)t:INPUT"PLOT DENSITY(1-4)"; 6 :IFCCI0RC24THENC=4 
40 SYS4892:P0KE7679,1 :D=C*(B-A)/175:U=0:L=0.:F0RI=AT0BSTEPD:C= 
FNA(I):IFC <LTHENL=C 
50 IFC >UTHENU=C 

60 NSXT:H=175/(ABS(L)+U):W=175/(B-A):IFB<0 0RA30THEN80 
70 POKEO,-A*W:F0RI=OT0175:P0KE1,I:SYS4968:NEXT 
80 P0KE1,175-ABS(L)*H:FGRI=0T0475:POKEO,I:SYS4968:NEXT 
90 FORI=ATOBSTEPD:C=FNA(I):X=(I-A)*W:Y=175-(ABS(L)+0)*H:POKE 
0,X:P0KE1,Y:SYS4968:NEXT 

95 P0KE36875,180:FORT=0T06O0:NEXT:P0KE36875,0:WAIT653,4:WAIT 
197,32 

0:P0KE36867,PEEK(36867)AND254:POKE 


HEART STOPPER 

10 V=36878:S2=36875:H=83:X9=22 

20 T1=7680:C1=38400:XI=10:S3=38884:T2=8164 

30 POKE S2.200 

40 IF W=20 THEN PRINT"TIME=";MID$(TI$,4,1); 

;MID$(TI$,5,2)PRESS RETURN" INPUT AS 
50 TI$="000000":W=0 

60 PR INT"clear,home,21 times down cursor" 

70 IF RND(1)<-1 THEN R=22*RND(1):POKE T2+R,H: 

POKE S3+R,0 
80 PRINT 

90 POKE (T1+X1),X9:P0KE(C1+X1),0 

100 POKE V,0:GET A$:IF LEN(A$)<>1 THEN 150 

110 IF ASC(AS)=17 THEN X1=X1-1:C0T0 130 

120 IF ASC(AS)=29 THEN X1=X1+1 

130 IF Xl>21 THEN X1=21:G0T0 150 

140 IF X1<0 THEN X1=0 

150 COSUB 500 

160 IF W=20 THEN PRINT"clear,home,FINISHED": 

FOR 1= 100 TO 200:P0KE S2,I:P0KE V,15:NEXT I: 
POKE V,0:GOTO 10 

170 P0KE(T1+X1),X9:P0KE(C1+X1),0 

180 GOTO 70 

500 W1=0:P0KE V,0 

510 IF PEEK(22+T1+X1)=H THEN Wl=l 

520 IF Wl=l THEN POKE V,15:W=W+1 

530 IF W<10 THEN POKE Tl ,-W + 48 :P0KE Cl, 0 

540 IF W>9 THEN Z=INT(W/I0):POKE T1.48 + Z: 

POKE Tl+1,W-l0*Z+48:POKE C1,0:P0KE Cl+1,0 
550 RETURN 
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‘LOTTO 8’ SELECTOR 


H.J. Smith, Tempe NSW 

If you're into the ‘numbers game' — Lotto — you'll 
know how tedious it is choosing the field of numbers 
each week. Here's a program to automate the task, 
especially written for syndicate pickers. 

Seven mates and I go into an 8x8 ticket each week. 
I have a VIC-20 with printer attached and press it into 
service to provide a string of printouts. I run the 
program and cut up the printout so we can all have the 
fun of following the numbers. 

The program listing reproduced here is pretty well 
self explanatory for those with a modicum of experience 
with VIC BASIC. Note that the listing has been printed 
out in lower case. All the calculations are performed 
between lines 10 and 70, the rest is basically output 
formatting. 

A sample of the printout is shown below. 

Lotto : 14 

01- 4 17 32 15 33 34 25 7 

G2- 21 1 12 20 30 24 22 11 

03- 22 20 16 3 3 24 33 7 
G4- 32 26 13 33 35 12 31 24 

G5- 14 3 24 7 4 3 i0 17 

06- 17 1 16 34 31 27 30 25 

07- 25 10 24 16 37 30 5 17 

03- 7 9 15 27 22 3 4 39 



2 Print"*" 

3 Print : Print : Print : Print : PrintsPc<6)"systems 8":print: 

PrintsPc(8>"lotto" 

4 fort=1to3800 : nextt 

5 Printchr«9>+chr$<14> : 9osubl010:Print"*" 

6 Print : Print : inPut"Lotto Week Number:";v 

7 inPuf'No.of Games : “;z : Print : inPut"Printout V or N:"; 

w* : Print"* 11 

8 if w*="a"thenoPen3,4,7:ifwt»" v" thencmd3 

10 rem"lotto" 

11 dim<K63>:dimx<7) 

33 s=int(l+40*rnd<0>) 

31 s < x)*s : onx9oto107,106,105,104,103,102,101,100 

33 ifx=7then9osub50 

34 x=x+l'ifx=9thenx=0 

36 ifa=zthen70 

37 9oto38 

49 Print 1 Print 

50 Prints<0>;sa>;s<2>;s<3>;s<4>;s<5>;s<6);s<7) 

53 v=v+l 

54 onv9oto300,400,500,600,700,800,900,1000 

55 return 

69 r=r+l 

70 Print:Print:PrintsPc<6)"Lotto : ",'v 

73 Print"Gl-";q<87;qa);q<2);<U3);q<4);4<5);q<6);<i<7) 

75 Print"G2-";q<3>;q<9);q<10>;q<ll);q<i2)jq(i3);q<i4>;q<i5> 

77 Print"G3-";q<i6);q(17)jq<i8);qa9);qi:20);q<2i);q<22);q<23) 
79 Print"Q4-";q<24);qC25>;q<26>;q<27>;q<28>;q<29>;q<30>;q<31> 
81 Print"G5-";q<32);q<33>;q<34>;q<35>;q<36>;q<3?);q<38>;q<39> 
83 Rrint"G6-"jq<40);q<41);qt:42);q<43),'q<44);q<45);q<46);q<47) 
85 Print"G7-";q<48).;q<49>;q<50);q<5l);q<52);qi53);q<54);q<55) 
87 print"O8-";q<56>;q<57);q<58);q<59>;q<60>;q<6l>;q<62>;q<63> 

83 ifr=8then90 
39 9oto69 

90 rem 

91 if w$="s"thenclose3 

92 end 

100 ifs<x)=s<7)then30 

101 ifs < x)=s < 6)then30 

102 ifs<x)=s<5)then30 

103 ifs<x)=s(4)then30 

104 ifs<x>=s<3>then30 


.105 ifs<x)=s(2)then30 

106 ifs<x>=sd>then30 

107 ifs(x)=s<0)then30 

108 9oto33 

300 1(0)»s(0):q(l)=s(l) q(2)=s(2):q(3)=s(3):q(4)=s(4) 

301 q<5)=sC5):q<6)=s(6):q<7)=s<7> 

302 9oto55 

400 q<8)=s<0):q<9)*s<l):qa0>=s<2):q(ll)«s<3):q<12>*s<4> 

401 q<13>=s<5):q<14)=s<6):q<15)=s<7) 

402 9oto55 

500 q(16)-S<0):q<17)=s(l):q<18>=s<2):q<19)-S<3):q<20)=s<4) 

501 q<21)-s<5):q(22>=s<6):q<23)=s<7) 

502 9oto55 

608 q<24)=s<0):q<25)=s<l):q<26)=s<2>:q<27)=s<3>:q<285=s(4> 

601 q<29)=s<5):q(30)=s<6) q<31)=s(7) 

602 9oto55 

700 q<32)=s<0):q(33)=s(l):q<:34>=s<2):q(35)=s<3):q(36>=s(4) 

701 4<37>=s<5>:q<33>=s<6>:q<39>=s<7> 

702 9oto55 

300 q<40)=s(0) :q<41)=sd) q(42)=s<2) :q(43)-s<3> :q(44)=s<4) 

301 4<45>=s<5>:q<46)=s<6>:q<47)=s<7) 

302 9oto55 

300 q<43>=s<0> :q(49)=s<l> :q<50>=s<2) '• 4<51 )=s<3) :4<52>=s<4> 

901 q(53)=s<5):q(54)=s<6):q<55)=s<7> 

902 9oto55 

1000 q<56)=s(0):q<57)=s(l):q(58)=s<2>:q<59)=s<3):q<60)=s<4) 

1001 4<61>=s< 5):q<62)=s(6):q<63>=s<7) 

1002 9oto70 

1010 Print : Print"The Program will request 

1011 Print:Print"1..Week Number" 

1012 Print:Print"2..Number of Games" 

1013 Print : PrintsPc(3)"(l to 8)":fort=lto3000:nextt 

1014 Print"*" :print:print:print 

1015 Print"The Program will then"'Print 

1016 Print"random select numbers" : Print 

1017 Print”and then Printout a" : Print 
1013 Print" cops for each ssnd-":Print 

1019 Print"icate member.": 

1020 fort=lto3@00:nextt 

1021 return 
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SHOPAROUND 


This page is to assist readers in the continual search for components, kits, printed circuit 
boards and other parts for ETI projects and circuits. If you are looking for a particular 
item or project and it is not mentioned here, check with our advertisers. 


To help you find sources of project kits 
featured in this issue this list has been 
compiled for your guidance. The list 
may not be definitive, but it is accurate, 
so far as we are able to determine, at 
time of going to press (December 1983). 

ETI-648 Micro-grasp arm 

Complete kits for this project are ob¬ 
tainable from Jaycar in Sydney, who 
also have a universal interface board for 
it tb suit virtually any microcomputer 
(not required if you’re using a ZX81). 

ETI-688 Bipolar PROM pro¬ 
grammer 

Components for this straightforward 
project are generally readily obtainable. 
A kit is available from Rod Irving Elec¬ 
tronics in Melbourne. If you’re after a 
ready-made printed circuit board, try ei¬ 
ther Rod Irving Electronics or Jaetron- 
ics (also in Melbourne), Jemal in W.A. 
or James Photronics in S.A. Try Mini 
Tech in New Zealand. 

Also try Billco Electronics in Mel¬ 
bourne. 


ETI-653 Output board 

This 16-channel output driver can be 
used for a multitude of control applica¬ 
tions. It’s cheap and easy to build. All 
parts are generally readily obtainable. 
Kits are supplied by Altroriics in Pewrth 
(or through Avtek in Sydney) and Rod 
Irving Electronics in Melbourne. 
Printed circuit boards can be obtained 
through Jaetronics and Rod Irving in 
Melbourne, Jemal in Perth and Mini 
Tech in New Zealand. You might also 
try Billco Electronics in Melbourne. 

ETI-649 Microbee light pen 

A fascinating little device. A good add¬ 
on project for Bee bugs. There’s noth¬ 
ing particularly special about the elec¬ 
tronics employed in this project, but 
yOu may have to hunt around for a suit¬ 
able phototransistor. Two types can be 
used, the Fairchild FPT100 or the Phi- 
lips/Signetics BPX25. Dick Smith stores 
stock the FPT100, (cat. no. Z-1950) as 
do most electronic component suppliers. 
Tandy stocks a similar type, cat. no. 
276-130. The case shown in the article is 
by the US company General Specialities 
Corporation (GSC) and is known as the 


CTP-1 Logic Probe case. It is stocked 
by jaycar. The curly cord is a common 
item. 

If you don’t want to hunt around for 
the parts, kits can be obtained from Al- 
tronics in Perth (who include a super lit¬ 
tle plastic case and a Scotcheal label), 
Jaycar iri Sydney and Rod Irving Elec¬ 
tronics and Magraths in Melbourne. 
Ready-made pc boards are obtainable 
from the previously mentioned suppli¬ 
ers. 

ETI-654 Apple Interface card 

This project is best tackled by purchas¬ 
ing a kit, unless you have the resources 
to make your own double-sided board. 
However, Rod Irving Electronics of 
Melbourne can come to the rescue and 
supply a kit. 

ETI-733 RTTY-computer 

decoder 

See all the news before the news media 
makes it the news! Well, maybe. Any¬ 
how, this straightforward little project 
will give you entree to the fascinating 
world of radioteletype; So long as you 
have a Microbee (and that’s lots of 
you!). Components are pretty well off- 
the-shelf at most electronics component 
suppliers. However, kits at keen prices 
are obtainable from Altronics in Perth, 
Magraths and Rod Irving Electronics in 
Melbourne, Jaycar and Avtek in Syd¬ 
ney. Try also Billco Electronics in Mel¬ 
bourne. 

Printed circuit boards are available 
from the previously mentioned suppli- 


ETI-736 Picture Plucker 

Be your own weather forcaster! Well, 
you could try. Get the weather maps 
onto your printer before the weather¬ 
man has them on TV! Fascinating. This 
simple project can be built from compo¬ 
nents obtainable off-the-shelf in most 
electronic components suppliers. Kits 
can be obtained from the same people 
who supply the ETI-733 RTTY-com- 
puter decoder. 

Printed circuit board 
and panel suppliers 

The following firms can supply ready¬ 
made printed circuit boards and Scotch- 
cal panels (where used) for the project 
featured in the book. 


Jaetronics 
58 Appian Drive 
St Albans Vic 3021 


James Photronics 

522 Grange Rd 

Fulham Gardens SA 5024 


Jemal Products 
P.O. Box 168 
Victoria Park WA 6100 


Mini Tech 
P.O. Box 9194 
Auckland N.Z. 


You might also try: 
Better PC Boards 
112 Robertson Rd 
Bass Hill NSW 2197 


Kit suppliers 

Herewith names and address of the kit 
suppliers mentioned here: 

Altronics 
105 Stirling St 
Perth WA 6000 


Magraths Electronics 
55 A’Beckett St 
Melbourne Vic 3000 

Rod Irving Electronics 
525 High St 
Northcote Vic 3070 

Billco Electronics 
Shop 2, Pultney St 
Dandenong Vic 3175 

Jaycar 

117 York St 

Sydney NSW 2000 and 

Cnr Carlingford & Pennant Hills Rds 

Carlingford NSW and 

115-117 Parramatta Rd 

Concord NSW and 

121 Forest Rd 

Hurstville NSW 

Avtek 

119 York St 
Sydney NSW 2000 and 
172 Liverpool Rd 
Enfield NSW 
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■jl ovjycuCPs HCW 

computer can make your briefcase 
better equipped than most offices* 


Hewlett-Packard introduce the ultimate portable computer, the HP 75C. A compact computer that 
can fit easily into your briefcase, and still perform with the same computing power only sophisticated 
offices enjoy. 

Tne HP 75C is compact and light enough (740gms) to use in any situation from ‘inflight’ to ‘on-site’. 
Packed into this tin y package are all the tools you need to manipulate equations, perform immediate 
data collection and computation, write memos, create files, and much more. 

The HP 75C can be interfaced with your television set, or an existing computer system. 

With 16k bytes of memory, expandable up to 24k, there’s plenty of room to write and store programmes, 
apart from using the 147 built in BASIC commands, statements and functions. 

And, as the HP 7 5 C features continuous memory, it won’t forget information as soon as you switch it off. 
The HP 75C also offers you a wide choice of accessories, including a mass storage cassette drive system, 
and a printer that operates on rechargeable batteries. But this doesn’t mean you have to buy more briefcases. 
Each has been designed with the same economy of size as the HP 75C. 

To see how an HP 75C can turn your briefcase into one of the best equipped offices in the country, 
call the Hewlett-Packard Personal Computer Group 
for the HP dealer closest to you. 

Sydney: 8887202; Melbourne: 8788777; Adelaide: 2725911; 

Perth: 3832188; Brisbane: 304133; Canberra: 804244 . BDPHP10I/90308/R 
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WITHOUT COMPUMATE 
12,000,000 ATARIVCS 

ARE ONLY GAME MACHINES, 


WITH SPECTRAVIDEO’S COMPUMATE™ AND YOUR ATARI VCS™, YOU CAN... 


WHY JUST PLAY VIDEO GAMES? 
Now, with Spectravideo's amazing 
CompuMate™ Basic Keyboard 
Enhancer, you can do so much 
more. You can have your own 
personal computer. 



Unit with 16K built-in ROM, 2K built- 
in RAM, built-in BASIC, and a 
42-key Sensor Touch Keyboard. 

With it, you can learn to write your 
very own programs, and get a fine 
introduction to the popular and 
important BASIC language. Of 
course you can also run many 
existing programs (Spectravideo 
will soon offer a line of them), and 
store all your programs by attaching 
to any audio cassette recorder. All 
necessary cables are included. 


PLAY COMPOSER 



The adaptable CompuMate™ is 
also an excellent music making 
machine, featuring 2 octaves and 
2-channel capability. The built in 
Music Composer program lets you 
compose and play your own songs! 


OR EVEN PLA Y PICASSO! 



Music, though, isn’t the only fun 
thing you can do with your 
CompuMate.™ The built in Magic 
Easel program permits you to draw 
pictures in up to 10 colors. The save 
command lets you store your 
programs on data cassette.... 
important of you ever become 
famous! 

The CompuMate™ is the perfect, 
inexpensive way to upgrade to a 
simple but powerful computer 
system. So don’t just play games. 
Break into the exciting world of 
computing with Spectravideo’s 
amazing CompuMate™ 









